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PREFACE 

The book is devoted to the description of the new 
nonhierarchical observation system that allows the observer 
to track the changes of numerical values of a great number of 
independent scalar parameters i.e. the signals of different sensors 
(measuring instruments). On the basis of sensors readings, the 
observer may track the quality of functioning of various engineering 
devices, the pecuharities of natural or production processes progress, 
the behavior of observed characteristics of moving objects and etc. 
In the book, such a tracking is called a global observation in view of 
multiplicity and variety of simultaneously observed parameters. The 
goal is in quick and the detection of different deviations in advance, 
violations or faultiness occurring in observation objects. In spite of 
multiplicity of simultaneously controlled sensors, the suggested 
observation system allows the observer by "shift retention" on a 
display past observation patterns to track also the evolutions 
(dynamics of changes) of their readings and in many cases it can 
successfully replace hierarchical observation systems not loosing 
tracking reliability. Under such a replacement, gain in observation 
time is attained at the expense of cancellation of time spent for 
interlevel transmissions information that is typical for hierarchical 
observation systems. In the book, the definition of hal-graph (in 
another equivalent representation a hal-polygon) and adaptive 
coordinate system are introduced. The definition of hal-graph is 
introduced as an integral geometric information structure in the form 
of a graph, whose positions of vertices are uniquely determined by 
current readings of transducers. Under a priori known best values of 
readings of sensors, at the expense of automatic application of 
suitable transformations, all the vertices of a hal-graph are found on 
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the same fixed straight line. Therefore, for any deviation of the 
current value of any transducer from the best value, the straight line 
of a hal-graph violates and this is easily detected on a display by 
sight. This and similar possibilities stipulated for estimation of 
deviation degree of readings of a sensors from preassigned best 
values are realized in adaptive coordinate system. They indepen- 
dently adjust to reading of sensors for their as far as possible 
convenient perception by the observer. At the same time, in the 
course of solution of global observation problem we could find out a 
simple version for partial and oblique solution of the known problem 
on geometrical evidence in Euclidean spaces of dimension higher 
than three. The fact that classic problem on geometrical evidence in 
multi-dimensional Euclidean spaces is so simply and closely 
connected with global observation problem is rather curious and 
astonishing. May be the version of solution of a problem on 
geometric evidence cited in the paper will represent some interest for 
those who thinks that this problem has no solution at all and may be 
it will stimulate new investigations in this direction. Applications of 
a new observation system in diagnostics problems are promising. In 
this case, it is succeeded to establish homeomorphism corres- 
pondence between appropriate set of hal-graphs that by their 
definition consist of geometrical nature elements. Thereby, in some 
sense, the relation is established between diagnostics and geometric 
objects of non complicated structure. Here, it is important that on 
one hand a hal-graph contains geometrical exact information on state 
and behaviors of all numerical observed parameters without excep- 
tion. On the other hand, recognition of the current hal-graphs is 
simplified by the fact that each vertex of a hal-graph has only one 
degree of motion freedom. In other words, on the current carrying 
plane, the vertices of a hal-graph may move only in parallel straight 
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lines (the vertices of a hal-polygon move only in radially arranged 
straight lines). In its turn, in observation patterns, immovability of 
current carrying planes is provided by special time transformations. 
Usually, we get information on the states of diagnosed objects, 
generally speaking, not only in the form of graphs, but also of 
numbers. But as is known, the numbers also are written by some 
practically instantly recognized geometrical curves. Taking this cir- 
cumstance into account, we can say that in this book instead of 
recognition of difficult to survey huge information whose carrier are 
usually numerical geometric curves we suggest to learn recognition 
of equivalent information determined by geometrical positions of 
vertices of only one hal-graph (or of a hal-polygon). In any case, 
apparently, for fixed observed objects such an instruction is not 
fantastic at all. 

It is interesting that from the theological point of view, the 
global observation problem should be resolvable since there is no 
doubt that the God manages to observe successfully incomparably 
considerable volume of all possible information in the course of 
time. Consequently, proceeding from this point of view, one can 
assume that there should exist means and ways that the God himself 
uses them and realizes current observation simultaneously for all 
components without exception of such information vast in volume. 
The global observation problem is very simplified special case, even 
we can say that extraordinarily simplified technical analogy of this 
inconceivable complicated (not only from theological point of view) 
problem. It is remarkable that the suggested observation system even 
in negligible degree, but in demonstrative way contributes to 
diminish acuity of atheistic persuasion of distrust that an observer 
can't keep under observation the alternations occurring in enormous 
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volume of controlled information even if this observer is the God 
himself 

The geometrical version of the solution of global observation 
system described in this book assumes sharp increase of volume of 
current information introduced on one display without lowering the 
tracking quality, and apparently this may lead to creation of new 
time-saving, cheap and reliable observation systems. Practical appli- 
cations of the suggested version of the solution of global observation 
problem obviously, may render assistance in some increase of up-to- 
date observational potentials of human -being. 

Institute of Cybernetics ofNAS of Azerbaijan, Baku, June 2009 



nPEAHCJIOBHE 

HacToamaa KHHra nocBamena onHcaHHio hoboh Henepap- 
xHHecKOH CHCxeMbi cjieaceHHa (naGjiiOAeHHa), nosBOJiaiomeH 
o^HOMy HaGjnoAaxejiK) HenocpeflCTBeHHO ocymecTBjiaxb cjieaceHHC 
3a HSMeneHHaMH HHCJieHHwx 3HaHeHHH Gojibuioro KOJiHHecxBa ne- 
saBHCHMbix CKajiapHbix napaMexpoB - CHrnajiOB ^laxHHKOB (hsmc- 
pHxejibHbix npnGopoB) pasHoro HasHaneHHa. Ha ochobc noKasa- 
HHH ;iaxHHKOB HaGjiiOAaxejib cmo^kcx bccxh cjieaceHHe 3a Kanecx- 

BOM (|)yHKL(HOHHpOBaHHa paSJIHHHblX XeXHHHeCKHX ycxpoHCXB, 3a 
OCOGeHHOCXHMH npOXeKaHHH npHpO^HblX HJIH npOH3BOACXBeHHbIX 

npoLieccoB, 3a noBe^eHHaMH Ha5jiiOflaeMbix xapaKxepHCXHK ;ibh- 
acj'uiHxca oGteRxoB h x.;i. B KHHxe xaKoe cjieaceHHe, BBH^iy mho- 

FOHHCJieHHOCXH H pa3H0XHnH0CXH, OflHOBpeiVieHHO HaGjIIOflaeMblX 

napaiviexpoB, Ha3BaH0 zjiodajibHUM HadjiwdenueM . IJ,ejib cocxohx 
B GbicxpoM H 3a6jiaroBpeMeHHOM oGHapy^KenHH pa3JiHHHbix oxkjio- 
HCHHH, HapymeHHH hjih HeHcnpaBHOCxeii, npoHCxoflfliiiHx b oGt- 
eKxax HaGjiiOAeHHa. 

npeA-xaraeMaa CHCxeivia cjie>KeHHH, necMOxpa na oGhjihc ^ax- 
HHKOB (KOHxpojiHpyeMbix Ha6jiioflaxejieM o^HOBpeMeHHo), no3BO- 
jiaex Ha6jiK);iaxejiio, nyxeM «y;iep»caHHa co cabhfom)) na ^Hcnjiee 
npoineflniHx KapxHH naGjiiOAeHHa, npocjie^nxb xaicace 3a sbojiio- 
LIHHMH (;iHHaMHKOH H3MeHeHH)i) Hx noKa3aHHH, H B pa^je cjiynaeB c 
ycnexoM mtokcx 3aMeHaxb HepapxHnecKHe CHCxeivibi HaGjiiOAeHHH 
5e3 noxepH na^ieacHOCXH cjie>KeHH)i. HpH xaKofi 3aMeHe BbiHrpbiui 
BO BpeMeHH HaGjiiOAeHHa ^locxHraexca 3a cnex aHHyjiHpoBaHHH 
BpeMCHH, 3axpaHHBaeM0H na Me^KypoBHCBwe nepe^aHH HH(|)opMa- 
LlHH, xapaKxepHbie ^jih HepapxHnecKHx chcxcm HaGjiiofleHHH. 

B KHHxe BBe^eHbi HOBbie nonaxHa hal-rpa(|)a (b ;ipyroM 3kbh- 
BajiCHXHOM npeflCxaBjieHHH - hal-MHoroyrojibHHKa) h aflanxHBHofi 
KOopflHHaxHOH CHCxeMbi. HpeflCxaBjiHexoi neMajiOBaacHbiM xo, hxo 
hal-rpa(|), c oahoh cxopoHbi, necex reoMexpHnecKH ^locxoBepnyio 
HH(|)opMaLi;Hio o cocxoaHHax h noBe^eHHax Bcex MHoroHHCJieHHwx 
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HaGjiiOflaeMbix napaMexpoB, a c flpyrofi cxopoHbi, pacnosnaBaHHe 
xeKymHx hal-rpa(|)OB oGjierHaexca xcm, hxo BepniHHbi hal-rpa(|)a 
oGjia^aiox xojibko o^hoh cxenenbio cboGo^h ;iBH»ceHHa. A hmch- 
HO, Ha xeKymefi Hecymeii njiocKOCXH BepniHHw hal-rpa(|)a Moryx 
nepeMemaxbCH xojibKO no napajiJiejibHbiM npaMOJiHHeHHbiM oxpes- 
KaM (a BepniHHbi hal-MHoroyrojibHHKa Moryx nepeMemaxbca no 
paflnajibHO pacnojioacennbiM oxpesKaivi). B cbok) onepe^b, b Kap- 
xnnax HaGjnoAeHna nenoABnacnocxb caivinx xeKymnx necymnx 
njiocKOCxen o5ecneHHBaexc)i cnen;HajibHbiMH npeoGpasoBannaMH 
BpeMenn. 

HpeAycMOxpenHbie b KHnre bo3mo>khocxh ^ijia on;eHKH cxenenn 
yKjionenna noKasannn ;iaxHHKOB ox nanepe^ sa^annbix nan- 
jiyHuiHx snaHennn, peajinaoBanbi b aAanxHBHon KOopAnnaxHon 
CHCxeMe, aBxoHOMHO npncnocaGjinBaiomenca k noKasannaM ^ax- 
HHKOB ;iJia no-B03MO»CHOCXH y^ioGnoro nx Bocnpnaxna co cxoponbi 
naGjnoflaxejia. 

HpeACxaBjiaioxca MHorooGemaiomnMn npHjio^Kenna hoboh ch- 
cxeMbi naGjnoAenna b sa^ann ^inarHOCxnpoBaHHa. B 3xom cjiynae 
y^aexca ycxanoBnxb roMeoMop(|)Hoe cooxbcxcxbhc Me»c;iy mho- 
acecxBOM BceB03M0»cHbix cocxoannn pasjinnnbix ^inarnocxnpye- 
Mbix oGteKxoB H cooxBexcxByiomHM MHO>KecxBOM hal-rpa(|)OB, no 
CBoeMy onpe;iejieHHK) cocxoamnM h3 sjieMenxoB reoMexpHHecKoii 
npnpoAbi. TeM caMWM, b neKOxopoM CMbicjie ycxanaBjinBaexoi 
CBa3b Me>K;iy ^inarHOCxnpoBaHneM n reoMexpnHecKHMn oGteKxaMH 
ne CJI05KH0H cxpyKxypbi. 

05bIHH0 HH(|)OpMaLlHIO O COCXOSHHaX ^IHaPHOCXHpyeMblX oGl)- 

eKxoB Mbi nojiynaeM, BOo6me roBopa, b bh^ic ne xojibKO rpa(|)HKOB, 
HO H HHceji. Ho H HHCJia, KaK H3BecxH0, 3anHCbiBaioxc)i nocpefl- 
cxBOM HCKOxopbix HpaKXHHecKH MFHOBeHHO pacno3HaBaeMbix reo- 
MexpHHecKHx KpHBbix. HpHnHMa)! BO BHHMaHne 3X0 oGcxoaxejib- 
cxBO, MO>KHO CKa3axb, Hxo B KHHFe npeA-xaxaexca bmccxo pacno- 
3HaBaHHa xpy^ino o6o3Phmoh orpoMHon HH(|)opMan;HH, nocnxejib- 
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HHLieH KOTOpOH oGblKHOBeHHO CJiy>KaT MHOrOHHCJieHHbie reOMCT- 

pHHecKHe KpHBbie, oGyHHTca pacnosnaBaHHio 3KBHBajieHTH0H hh- 
(|)opMaLiHH, onpe^ejiHeMOH reoMexpHHecKHMH nojio>KeHH)iMH Bep- 
uiHH Bcero OflHoro hal-rpa(|)a (hjih hal-MHoroyrojiBHHKa). Bo 
BCflKOM cjiynae, fljia (|)HKCHpoBaHHbix Ha6jiK)flaeMbix oGteKTOB xa- 
Koe oGyneHHe, no-BH;iHMOMy, ne npeflCxaBjiaexca cjihuikom y»c ne- 
peajibHbiM. 

HnxepecHO, hxo c xeojioPHHecKOH xohkh speHHH npo6jieMa 
rjio6ajibHoro Ha6jiK);ieHH)i ;ioji>KHa 6bixb paspeniHMOH, nocKOJibKy 
npe;icxaBji)iexc)i 5eccnopHbiM, hxo BceBbiuineMy y^iaexca ycneniHO 
ocymecxBjiaxb GecnpepbiBHoe naGjiiOAeHHe no xo^y BpeMCHH 3a 
HecpaBHeHHO Gojiee snaHHxejibHbiM oGijCmom BceB03M0>KH0H hh- 

(|)OpMaLlHH. 

CjieflOBaxejibHO, Hcxo^a h3 3xoh xohkh 3peHHa, mo>kho npefl- 
nojio>KHXb, Hxo ;ioji»cHbi cymecxBOBaxb cpe^cxBa h cnocoGw, hc- 
nojib3y)i Koxopbix caM BceBbiuiHHH peajiH30BbiBaex xeKymee na- 
GjiiofleHHe OAHOBpeMCHHO 3a bccmh 5e3 HCKjnoneHHa cocxaB- 
jiaiomHMH cxojib rpoMa^HOH no oGteiviy HH(|)opMaLiHH. HpoGjieMa 
rjio6ajibHoro HaGjnofleHna aBjiaexca BecbMa ynpomennbiM nacx- 
HbiM cjiynaeM, mo>kho CKa3axb ;io Hpe3BbiHaHH0CXH ynpomennbiM 
xexnnnecKnM anajioroM axon neBOo6pa3nMO cjio^Knon, n ne 
xojibKO c xeojiornHecKOH xoHKn 3pennH, npo6jieMbi. 

HpnivieHaxejibno, hxo npefljiaraeMaa cncxeMa na6jiio;ienn5i 
xoxb n B neGojibuiOH cxenenn, no Bce-xaxn doKasame.nbHUM 
o5pa30M cnocoGcxByex yMenbuiennio ocxpoxbi axencxn^ecKoro 
xojiKa ne^OBepna o neB03MO>Knocxn co cxoponw o^noro na6jiK)- 
flaxejia ^epacaxb nofl naGjno^enneM n3Menenn)i, nponcxoflamne b 
KOJioccajibnoM oGteivie KonxpojinpyeMon nn(|)opMan;nn, ;ia»ce ecjin 
naGjnoflaxejieM HBjiaexca caM BceBbiuinnn. 

JlioGonbixno, hxo nonyxno, na nyxn pemenna npo5jieMbi rjio- 
6ajibnoro naGjno^ennH y;iajiocb oGnapyacnxb npocxyio BepcnK) fljia 
HacxnHnoro n KOCBennoro pemenna n3BecxnoH npo5jieMbi o reo- 
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MexpHHecKOH HarjiaflHOCTH b SBKjiHflOBwx npocxpancTBax pa3- 
MepHOCTH Bbiuie xpex. 

IlpeflCTaBJIHeTCH neCKOJIbKO HHXpHryiOmHM H y^IHBHXejIbHblM 

TOT (|)aKT, HTO H3BecTHaa KjiaccHHecKaa npoGjieivia reoMeTpHne- 
CKoii HarjiH^iHOCTH B MHoroMepHbix 3BKjiH;iOBbix npocTpancTBax 
OKasajiacb Tax npocTO h tccho CBasaHHofi c npoGjieMofi rjio5ajib- 
Horo HaGjiiOfleHHa. HpHBeAeHHaa b paGoTe Bepcna pemeHHH 3toh 
npo5jieMbi, 5biTb mtokct, npe^CTaBHTb neKOTopbiH HHTepec ji,ji5i 
Tex, KTO flo CHx nop CHHTaeT, HTO y 3T0H npo5jieMbi BOoGiije hh- 
KaKoro pemeHHa ne cymecTBycT h, bo3mo»cho, nocjiyacHT CTHMy- 
jiOM ^iJiH npoBe^eHHa hobhx HCCJie;iOBaHHH b 3tom HanpaBjienHH. 

OnHcaHHaa b KHHre reoMeTpHHecKaa Bepcna pemenHa npo6- 
jiCMbi rjio6ajibHoro Ha6jiK)fleHH>i, npeflnojiaracT pesKoro yBejiH- 
HeHHfl o6teMa bmbo^hmoh na o^hh ^iHcnjiefi TeKymefi HH(|)opMa- 
L(HH 6e3 CHH>KeHHa KanecTBa cjie>KeHHa. TaKofi mar, no-BH;iHMOMy, 
MoaceT npHBecTH k cos^aHHio hobhx BpeMacGeperaiomnx, He^opo- 

FHX H Ha^e^KHblX CHCTCM Ha5jIIOfleHHa. 

HpaKTHHecKHe npHMCHeHHA npefljiaraeMoro pemeHHa npo6jie- 
Mbi FjioGajibHoro Ha5jiio;ieHHa, bo3mo>kho, noMoryT OKasaTb co- 
;ieHCTBHe k HCKOTopoMy yBejiHHeHHK) coBpeMennbix naGjiiOAa- 

TejIbHblX B03M0>KH0CTeH HejIOBCKa. 

HHcmumym KudepnemuKU HAH A3ep6aud:)icaHa, EaKy, HiOHb 2009 
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Ha npaKTHKC cjiokchh)! 3a xeKymHMH noKasaHHHMH mhofo- 
HHCJieHHbix ^laxHHKOB, xapaKxepHsyiomHx xeneHHa KaKHx-jinGo 
npoLieccoB, cjie^yiomaH CHxyaiiHa, no-BH;iHMOMy, Bcxpenaexca ;io- 
BOJibHO nacxo. Ha5jiiOflaxejiio (onepaxopy, AHcnexnepy, cjieAame- 
My), ocymecxBjiaiomeMy cjieaceHHe, na flHcnjiefi name bbiboahxch 
He Bca, a xojibko jihuib HeGojibuioe KOJiHHecxBO HanGojiee Ba^KHoii 
Ha ^laHHbiH MOMenx HH(|)opMaLi;HH. Tax KaK npn Gojibuiom kojih- 
necxBe HH(|)opMaLi;HH naAeacHOCXb cjie^KeHHH CHHacaexca, hxo 
CBHsaHO c ocoGeHHOCxaMH HejiOBenecKoro BOcnpnaxHa HH(|)opMa- 
LIHH. C flpyroH cxopoHbi, cymecxByiox xaKHe CHxyaiiHH, Kor^a ko- 
jiHHecxBO BaacHeHuiHx xeKymnx noKasaxejieii, nofljieacamnx nenpe- 
pbiBHOMy H oflHOBpeMeHHOMy HaGjiiofleHHio, HeiiejiecooGpasHO 
orpaHHHHXb MajibiM HHCJiOM. B noflo5Hbix cjiynaax npoGjieivia 
pemaexca nacxo 3a cnex yBejiHHeHHa KOJiHHecxBa Ha5jiiOAaxejieH h 
C03flaHHa MHoroypoBHeBOH HepapxHHecKoii CHCxeMbi cjie>KeHHa. 
3x0, ecxecxBCHHO, npHBO^Hx k y^iopoacanHK), ycjio>KHeHHio h no- 
xepaM BpeMCHH npn HaGjiiOfleHHH. 

ripHHHHbi y;iopo»caHHa xaKofi npoijeflypbi HaGjiiOfleHHH bhoji- 
He OHCBH^iHbi. YcjioacHeHHe >Ke BOSHHKaex H3-3a neoGxoflHMOcxH 
opraHH3aLiHH onpeflejieHHOH HepapxHHecKOH cxpyKxypw Ha5jiiOAe- 
HHH, no3BOJiaiomeH Ha BepxneM ypoBHe 3xoh cxpyKxypw na ocho- 
Be flaHHbix, nocxynaiomHx h3 nepBHHHbix h npoMeacyxoHHbix 
ypoBHeii, npHHHMaxb a^eKBaxKbie pemenHa o xeKymnx cocxoa- 
HHflx oGteRxoB Ha6jiiofleHHa. B HepapxHHecKOH CHCxeivie cjie>Ke- 
HHa noxepH BpeivieHH, 3axpaHHBaeMbie na MeacypoBHCBbie nepe- 
flaHH HH(|)opMaLi;HH, 3aBeA0M0 oacH^iaeMbi. 

HoaxoMy npeflCxaBjiaexca aKxyajibHbiM xaKoe pemeHHe npo6- 
jieMbi cjiejKeHHH, Koxopoe oGte^HHaex, Ka3ajiocb 5bi, npoxHBO- 
nojio^KHbie BeniH, a hmchho, c o^hoh cxopoHbi, xpeGyexca 3HaHH- 

XejIbHO yBejIHHHXb oGteM HH(|)OpMaLi;HH, BblBO^HMOH Ha O^HH 
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flHcnjiefi H, c flpyroH cxopoHbi, npn 3tom xpeGyexca ne AonycKaxb 
yMeHbuieHHa Hafle^KHOCTH cjieaceHHa. 

B KHHre BCiOfly «Hadejtc:HOcmb c.uejK:eHum> onpeflejiHexcH tcm, 
HTO cjieaceHHe flOJiacHO npoBOflHXbca 6e3 noxepb HH(|)opMaLi;HH 
(cBasaHHOH c noKasaHHaMH ^laxHHKOB) h, b npHHiiHne, b ne- 
yxoMHxejibHbix jijis HaGjiiOflaxejia ycjiOBHHx. 

HpoGjieMy rjioGajibHoro naGjiiOfleHHa (hjih cjieaceHHa) 
MoacHO c(|)opMyjiHpoBaxb cjie^yiomHM o5pa30M: 

Tpe6yemcH paspadomamb maKyw HeuepapxunecKyw cucmemy 
cjie:M:eHUH, Komopan noseojinem odnoMy HadniodamejiH) e mene- 
Hue jadoHHoeo epemeHU ocynjecme.Jiamb decnpepbienoe u Hade:M:- 
Hoe cjiejiceHue sa ecejwu des ucKJUoneHua, cocmaejiMmufUMU ne- 
Komopoeo nomoKa UH(popMaijuu. 

3;iecb Mbi npHHHjiH, hxo nomoK UH(popMaijuu CKjiaflbiBaexca b 
Ka»c;ibiH MOMCHx BpeMeHH H3 xeKymHx HHCJieHHbix noKasaHHH 3Ha- 
HHxejibHoro KOJiHHecxBa ;iaxHHKOB pasHoro HasHaneHHa. 

J\ji5i npHjio>KeHHH BaacHOCXb npo5jieMbi rjioGajibHoro naGjiio- 
fleHHH oGycjiaBjiHBaexca xeM, hxo ycneniHoe ee pemeHHe mojkcx 
npHBecxH K co3flaHHio KanecxBeHHO hoboh CHCxeMbi cjieaceHHH, 
npeflOCxaBjiaiomeH naGjiiOAaxejiio no xo^y BpeMCHH ijejiHKOM bck) 
xeKymyio HH(|)opMaLiHio o peajibHbix cocxohhhhx MHoroHHCJien- 
Hbix Ha5jiiOflaeMbix oGteRxoB b y^ioGnoM ;ijia BOcnpnaxHa BH^ie. 

3x0 MO^Kex yMeHbuiHXb Bpeivia o5Hapy>KeHHa nenojia^iOK, hxo 
ocoGeHHO ijeHHO b xex cjiynaax, Kor^a KOJiHHecxBO Ba>KHbix ;ijih 
HeoxjiaraxejibHoro cjieacenHa oGteKxoB ne Bbipaacaexca MajibiM 
HHCJIOM. H60, H3BeCXH0, HXO B onacHbix npe^KpHSHCHbix CHxya- 
LlHflx ;ia»ce HesnaHHxejibHbiH BbiHrpbiui bo BpeMCHH oGnapy^KeHHa 
HeHcnpaBHOCxefi HHOXAa noBbiuiaex uiaHCbi ;ijia npe^oxBpameHHa 
(hjih, xoxa 6bi yMenbuieHHa He>KejiaxejibHbix nocjieACXBHii) na- 
flBHraiomnxca aBapHH, hjih Kaxacxpo(|). 

HpeA-xo^KeHHoe b KHHre reoMexpHnecKoe pemeHHC npoGneivibi 
FnoGaiibHoro Ha6jiio;ieHHH co3;iaex ocnoBaxenbHbie npeAnocbinKH 
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p,jia KanecTBeHHO hoboh opraHHsaiiHH wpois,ep,yp cjieaceHHa. 

H;ieio pemeHHa 3toh npoGjieMbi KpaxKO mo>kho onHcaxb cjie- 
flyiomHM o6pa30M. 

C noMombK) BBefleHHbix B KHHre KjiiOHeBbix noHHTHH hal- 
zpa(pa (b ;ipyroM SKBHBajieHTHOM npeflCxaBjieHHH - hal-MHOZo- 
yzojibHUKa) H adanmueHOii KOopduHanmou cucme.Mbi xeKymHC 

SHaHeHHH nOKaSaHHH ^laXHHKOB HCnOJIb3yiOTCa ^IJIH OIieHKH 

KanecTBa (|)yHKLi;HOHHpoBaHHa oGteKTOB Ha5jiiOfleHHa. 

HoHaTHe hal-rpa(|)a BBO^Hxca KaK ijejiocTHaa reoMexpHHecKaa 
HH(|)opMaLiHOHHaa cxpyKxypa, HMeiomaa bh;i rpa(|)a, nojio>KeHHH 
BepniHH KOToporo roMeoMop(|)HbiM o5pa30M onpe^ejiaiOTCH xeKy- 

mHMH nOKaSaHHHMH KOHXpOJIHpyeMblX ^laXHHKOB. 

HeoGxoflHMOCTb bo BBe^eHMH LiejiocTHOH cxpyKxypbi mm 
MTOKCM oGtHCHHTb cjicflyiomHM npocTbiM coo5pa»ceHHeM. Onpe^e- 
jiHTb xpaeKTopHK) ;iBH»ceHHa MypaBba no ;iBH»ceHHaM mhofohhc- 
jieHHbix axoMOB, HMeiomHxca b xejie MypaBba npaKXHHecKH onenb 
xpy^IHO, H naoGopoT, jierKO h hc yxoMHxejibHO b cjiynae, Kor^a 
MypaBCH paccMaxpHBaexca KaK e^HHaa LiejiocxHaa cxpyKxypa. 
CpaBHHxejibHO npocxyio ji,ji5i HaGjiiOAeHHH ijejiocxHyio reoMex- 
pHHecKyio cxpyKxypy HMeex oGbinnaa jiHHHa, h hal-rpa(|) - 3xo 
jiOManaH jiHHHa c ocoGhmh CBoficxBaMH. HpH HSBecxHbix HaHjiyn- 
uiHx (onxHMajibHbix, HOMHHajibHbix HjiH, HaKOHeu;, npocxo acejian- 
Hbix) SHaneHHax noKasanHH ;iaxHHKOB, 3a cnex npHMeHenHH 
noAxoflauiHx npeoGpasoBanHH, Bce BepuiHHbi hal-rpa(|)a OKasw- 

BaiOXCH Ha O^HOH BepXHKajIbHOH JIHHHH, a HMCHHO, Ha HpHMOH 

jiHHHH, nepnen^iHKyjDipHOH k HH>KHeH cxopone npaMoyrojibHoii 
njiocKOCXH ^iHcnjiea. 

HoaxoMy npn jiioGom yKjiOHeHHH xeKymero SHaHeHHH KaKoro- 
jih6o flaxHHKa ox HaHjiyHinero SHaneHHa, npaMOJiHHeHHaa cxpyK- 
xypa hal-rpa(j)a HCKa^Kaexca, h oh npnoGpexaex bh;i jiOMaHoii 

JIHHHH. 

OGnapyacHXb h H;ieHXH(|)HL(HpoBaxb xaKHC HCKajKCHHa, KaK ho- 
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KasbiBaiOT KOMnbioxepHbie SKcnepHMeHTbi, ne oneHb xpy^iHO. 

ripHHHHa jierKOCTH oGnapyaceHHa HCKa>KeHHH saKjiiOHaeTCH b 
TOM, HTO BcaKoe HSMeneHHe nojiOKeHHH, k npHMepy, o^hoh hc 
KOHLieBOH BepniHHbi hal-rpa(|)a, aBjiaiomeHCH xojibKO jiHuib 
TOHKOH, conpoBoacflaexcH cooTBexcxByiomHMH HSMeneHHaMH no- 
jio^KeHHH MHO^KecTBa TOHCK, H3 KOTopbix cocToax ;iBa peGpa hal- 
rpa(|)a, nepaapbiBHO npHMbiKaioiiiHe k 3toh BepniHHe. Ho 3toh >Ke 
npHHHHe saMCTHTb ;ia»ce HesHaHHxejibHoro HSMeneHHa npocxpan- 
CTBeHHoro nojioJKeHHH OAHoro pe6pa hal-rpa(|)a, npHMbiKaiomero k 
KOHLieBOH BepniHHe, OKasbiBaexoi ne onenb xpy^iHbiM. 

JlioGoHbixHO, Hxo CKasaHHoe cooGpaacenne AOBOJibHO yGe^n- 
xejibHO coFJiacyexc)! xaxace ^peBKHM, h no cen ^lenb HBjnnoniHMCH 
BecbMa na^eacHbiM cxponxejibnbiM onwxoM, ocnoBannbiM na 
HcnojibsoBannn oxBeca. 

B caMOM flejie, KjiaccnHecKHn oxBec no CBoeMy ycxpoiicxBy - 
MaaxHHK c peryjinpyeMOH ;ijihhoh hhxh, h b cocxohhhh noKoa, 
nosBOJiHex cxponxejiHM na^eacHO n Gwcxpo onpe^ejinxb ;ia>Ke 
nesnaHHxejibHbie oxKnonenna ox BepxHKajin xon nacxn bo3bo- 
;iHMOH cxenbi (Koxopaa b nanieivi cjiynae cooxBexcxByex xexynjeMy 
nojio^Kennio hal-rpa(|)a), k Koxopon on npnjioacen. 3xo n noxo^Kne 
B03M05KHOCXH, npeflycMOxpeHHbie ^jih OLienKn cxenenn yKjionennH 
noKasannn ;iaxHHKOB ox nx nanjiyHninx snaHennn, peajinsoBanbi b 
a;ianxHBHOH KOopAnnaxHon cncxeMe. 

OcHOBHoe oxjiHHne a^anxHBHon KOopAnnaxHon cncxeMbi ox 

MHOFHX H3BeCXHbIX CXaH^iapXHblX KOOpflHHaXHblX CHCXeM COCXOHX 

B xoM, Hxo B nen nex oGnjero fljia Bcex Koopflnnaxnbix oceii 
eflHHoro nanajia Koop^innax. OxcyxcxBne eflnnon fl,iis Bcex oceii 
CBHSKH, cos^aex B03M05KHOCXH fl,jis CKOHCxpynpoBaHHa a^anxHB- 
Hoii KOopAHnaxHoii cncxeMbi b oGbinnoM xpexMcpnoM CBKjin^iOBOM 
npocxpancxBC b KanecxBC CBoeoGpasnoii, MnoroMcpnoii Koop^n- 
naxnoii cncxeMbi. Ona cocxonx n3 coBOKynnocxn npaKxnnecKn 
nojinocxbK) nesaBncnMwx Me»c;iy co5oii ^iByMepnwx npaMoyrojib- 
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HblX ^leKapXOBblX KOOpAHHaXHblX CHCTCM C nOABHaCHblMH OCHMH. 

Pa3o6meHHOCTb KOopAHHaxHbix oceii, nosBOJiaex no xo^y BpeMenH 
flH(|)(|)epeHL(HpoBaHHbiM o5pa30M npHMCHHTb K HHM npeo6pa30- 
BaHHa THna c^BHra, nepenoca h pacTflaceHHH-OKaxHa (;ionojiHH- 
xejibHO enje h BpamenHH, b cjiynae nepexo^a k hal-MHoroyrojib- 

HHKaM). 

IJ,ejieHanpaBjieHHbie ^iBHacenHa oceii KOopAHHaxHoii CHCxeMbi, 
a xaK>Ke pacxaaceHHa-cacaxna, Bbi3biBaeMbie ^leiicxBHaMH npeoGpa- 
30BaHHii, co5cxBeHHO H o5ycjiOBjiHBaiox npHcnocoGjiaeMOCXb 
(aflanxMBHOCXb) HOBoii KOop^HHaxHoii CHCxeivibi k xeKymHM noKa- 
3aHHaM ;iaxHHKOB, c ijejibio oxpaacenHa hx na ^Hcnjiee b y^ioGnoM 
jijis BOcnpnaxHa ijejiocxHOM BH^ie. 

Jlsis xoro HxoGbi He oxBjieKaxb BHHMaHHa h, rjiaBHoe, ne 
yxoMjiaxb HaGjiiOflaxejiH ;iBH>KeHHaMH no^BHacHbix ajieMenxoB 
a^anxHpyiomeeca KOop^HHaxHoii CHCxeMbi, npe^npHHaxbi onpe^e- 
jieHHbie, ynpomaioniHe xeKymne H3o5pa5KeHHa ;ieiicxBHa. PeajiH- 
30BaHbi ;ionojiHHxejibHbie npeo5pa30BaHH)i BpeMenH, co3AaiomHe 
nojiHyio HJIJII03HI0 Heno^iBHacHOCXH fl,jifi Bceii BH^iHMoii na ^Hcnjiee 
reoMexpHHecKoii KOHCxpyKiiHH a^anxMBHoii KOop^HHaxHoii 
CHCxeMbi. B Hxore, b axoii KOop^HHaxHoii CHCxeMe no^BHacHbiMH 
OKa3biBaioxc)i xojibKO BepniHHbi H cooxBexcxBeHHO pe5pa hal- 
rpa(|)a. 

HpeA-xaraeMaa b KHHre CHCxeMa naGjiiOfleHHa ;ieiicxByex Kan 
npnGop, co3AaiomHii na ^Hcnjiee b Ka»c;ibiii momchx BpeMenH 
jiexKO pacno3HaBaeMoe H3o5pa»ceHHe. Oho oxpa>Kaex cpa3y Bce 
Ba>KHbie fljiH cjie>KeHHH xapaKxepncxHRH, Koxopwe mo»cho 
nojiynaxb o5biKHOBeHHO jiHuib no ox^iejibHOCXH, na Bbixo^ax 

O^HOBpeMeHHO (|)yHKL(HOHHpyiOmHX MHOFHX COXeH ^laXHHKOB. 

Bojiee xoro, HOBaa CHCxeMa Ha5jiiOfleHHa, necMOxpa na oGnjiHe h 
pa3HOo6pa3He o^HOBpeMeHHO KOHxpojinpyeMbix ;iaxHHKOB, 
no3BOJi)iex Ha5jiiOflaxejiio npocjie^nxb xaicace 3a ;iHHaMHKoii 
H3MeHeHHa (sBOJiiOLiHeii) hx noKa3aHHii. 
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MaKCHMajibHoe KOJiHHecxBO flaxHHKOB, 3a noKasaHHaMH koto- 
pbix HaGjnoflaxejib CMoacex 3(|)(|)eKTHBH0 ocymecxEjiaxb cjieaceHHC, 
saBHCHx, npe»c;ie Bcero, ox bwcoxw KapxHHw Ha5jiio;ieHHH, 
flonycKaeMOH xexHHHecKHMH xapaKxepHCXHKaMH Hcnojib3yeMoro 
flHcnjiea (onpeAejiaeMbiMH bhcoxoh SKpana h pasMepaMH 
nHKcejiefi) h npn HeoGxc^HMOCXH, yBejiHHHBaiomero ee H3o6pa- 
aceHHe npoeKxopa. 3xox Bonpoc o6cy»c;ieH b IV rjiaBe, r^e b 
nacxHOCXH, onHCWBaioxcH HeKOxopwe xexHHHecKHe ycjiOBHH, 
Kor^a o^HH Ha6jiK)flaxejib cmtokcx ocymecxBjiaxb Ha^e^KHoe cjie- 
aceHHe 3a xeKymHMH noKasaHHaMH cpasy necKOJibKHx cox 
flaxHHKOB. B xoH acc FJiaBC peajiHSOBana B03M0»cH0cxb fl,jis 
npe^cxaBjieHHa KapxHHbi naGjiiOAeHHa b Gojiee KOMnaKXHOH (|)opMe 
- B BH^e H3o6pa>KeHHa xnna Li;H(|)ep6jiaxa (b 3xom cjiynae hal-rpa(|) 
xpaHC(|)opMHpyexca b hal-MHoroyrojibHHK). 

B KHHxe K ^laxHHKaM, HcnojibsyeMbiM b npoijecce cjie^KCHHa, 
oco6bie xpeGoBaHHa ne npe^'bHBjiaioxca. B nacxHOCxH, cpe^H 
KOHxpojiHpyeMbix Ha5jiiOflaxejieM ;iaxHHKOB Moryx 5bixb xaKHe, 
Koxopbie nepe^aiox CHrnajibi c KaKofi yro;iHO cjitokhoh cxpyK- 
xypoH. HanpHMep, ;iaxHHKaMH Moryx 5bixb ;ia>Ke BbicoKOHyB- 
cxBHxejibHbie MHKpo(|)OHbi, npHMCHaeMbie AJis ;iHarHOCxHpoBaHHH 
KaKoro-jiH6o ABHraxejia, paGoxa Koxoporo KOHxpojiHpyexca no 
H3flaBaeMbiM hm npn (|)yHKLi;HOHHpoBaHHH 3ByKaM (uiyMaM). Ohh 
nepe^aiox ay^HO CHPHajiw, HMeioniHe oGhhho nexpHBHajibHwe fljia 
anajiHsa cxpoenHa. 

B npeA-xaraeMOH CHCxeivie cjieacenHa no aaBepinennio npon;ecca 
oGynenna (nacxpoHKn) n nanajia cjieacenna MaKCHMajibnoe kojih- 
necxBO apH(|)MexHHecKHx onepan;HH, BbinojinaeMbix ^jih Bbinncjie- 
nna KOop^Hnax hal-rpa(|)a b Ka>K;ibiH paccMaxpnBaeMbin xeKymnii 
MOMenx BpeMCHH, paBHO 2n (ncnojibsyioxoi nopoBny jinuib 
onepaiiHH BbinnxannH n yMHoacenna), r;ie n - oGiijee hhcjio 
HcnojibsyeMbix fl,jis cjieacenna ;iaxHHKOB. KojinnecxBO Bbinojinae- 
Mbix B xe ace momchxh BpeMenn n c xon ace iiejibio jiornHCCKHx 
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onepaiiHH onpeAejiaeTca hhcjiom n , xaK hto, k npHMepy, ecjiH 
n < 500 , TO npH ocj'mecxBjieHHH cjieaccHHa name Bcero ne bo3- 
HHKHex noxpeGHOCTH B 0C060 MoniHOM KOMnbioxepe. 

HpeACTaBjiHiOTOi MHorooGemaiomHMH npHjio>KeHHa hoboh ch- 
cxeMbi cjie>KeHHH b 3a;iaHH ^iHarHOCXHpoBaHHH, nocKOJiBKy cyme- 

CTByeX rOMeOMOp(|)H3M Me>K;iy MHOKeCXBaMH BCeB03M0»CHbIX co- 

cxoaHHH pa3JiHHHbix ^iHaPHOCXHpyeMbix oGteRxoB H reoMexpH- 
necKHx MecxonojioaceHHH cooxBexcxByiomHx hal-rpa(|)OB. B Hxore, 
3aflaHa flHarHocxHpoBaHHH CBO^Hxca k 3KBHBajieHXH0H 3aAaHe pac- 
no3HaBaHHa njiocKHx hal-rpa(|)OB. 

HocjieflHaa 3aflaHa oGjiernaexcH xcm, hxo hal-rpa(|)bi, KaK ijejio- 
cxHbie reoMexpHHecKHe oGteKXH, oGjia^aiox jiexKO pacno3HaBae- 
MOH npocxoH cxpyKxypoH. TeM caMWM, ycxanaBjiMBaexca B3aHM- 
H00flHa3HaHHa)i CBa3b Me^K^iy ^iHarnocxHpoBaHHeM h reoMexpHeii 
oGteRxoB 3jieMeHxapH0H cxpyKxypw. 

KoHCHHO >Ke, HeKOxopbie cymecxByiomHe na npaKXHKe AHarno- 
cxHHecKHe npnGopbi (;iaxHHKH) KOHCxpyKXHBHO paccHHxaHbi KaK 
pa3 Ha xo, HxoGbi nepe^aBaxb HH(|)opMaLi;Hio o cocxo)ihhh ^HarHO- 
cxHpycMbix oGteKxcB b bh^ic rpa(|)HKOB, Koxopwe ecxecxBCHHO 
MoacHO paccMaxpHBaxb b KanecxBe reoMexpHnecKHx oGteKxcB. 

O^HaKO Kaac^ibiH xaKofi rpa(|)HK, c oahoh cxopoHbi, co^ep^KHx 
HH(|)opMaLiHio, KaK npaBHjio, 06 H3MeHeHHax oflHoro hjih He- 
CKOJibKHx (|)H3HHecKHx napaMCxpoB, x.e. He Hecex nofloGno hal- 
rpa(|)y flOCxoBepHyio reoMexpHnecKyio HH(|)opMaLiHio o noBe^e- 
HHHx Bcex MHoroHHCJieHHbix HaGjiiOAaeMbix napaiviexpoB. C 
flpyroH cxopoHbi, onaxb >Ke b oxjiHHHe ox xeKymnx hal-rpa(|)OB - 

JIOMaHblX JIHHHH, HMCIOmHX BepniHHbl XOJIbKO C OflHOH CXenCMbK) 

CBo5oflbi ;iBH»ceHHa, - 3xh rpa(|)HKH Hepe^KO onncbiBaioxca Kpn- 

BblMH ;iOCXaXOHHO CJITOKHOH (|)OpMbI, XpcGyiOmHMH OX HaGjIK)- 

flaxejia cooxBexcxByiomeii KBajiH(|)HKaLi;HH h naBbiKOB fl,iis a^eKBax- 
Horo Hx pacno3HaBaHHa. 

HonyxHO, na nyxH pemeHHH npo5jieMbi rjioGajibHoro naGjiiOAe- 
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HHH y;iajiocb oGnapyacHTb npocxyio BepcHio jiJia HacxHHHoro h 
KOCBeHHoro pemeHHH HSBecxHOH npoGjieMbi o reoMexpHHecKOH 
Harjia;iHOCXH b MHoroMepHbix 3BKjiH;iOBbix npocxpancxBax. 
HpHBe^ieHHaH b KHHre npocxaa Bepcna pemeHHa axoii npo6jieMbi, 
6bixb Moacex, npe^cxaBHXb neKOxopbiH HHxepec fljia xex, kxo fl,o 
CHx nop CHHxaex, hxo y axon npoGneMbi HHKaKoro pemenHa ne cy- 
mecxByex h, bo3mo>kho, nocjiyacHx cxHMyjiOM jijis npoBeAeHHH 
HOBblX HCCJieflOBaHHH B 3X0M HanpaBjieHHH. 

Hacxoanjaa KHHra cocxohx h3 nexbipex rjiaB. KpaxKHe CBe^e- 
HHa 06 Hx coflep>KaHHH npHBe^eHbi b Hanajie Ka»c;iOH rjiaBbi. 
Maxepnaji khhfh pacnpe^ejieH no rjiaBaM xaKHM o6pa30M, hxoGw 
no B03M0»CH0CXH y^ioGno Gwjio oGecnennxb nnxepecbi pa3JiHHHbix 
KaxeropHH nnxaxejien, ocbo6o;ihb ncKOxopbie h3 hhx ox neoGxo- 
flHMOCXH nojiHoro 3HaK0MCXBa c KHHFOH. HnxaxcjiH, HHxepecyio- 
mneca onncanneM Bepcnn nacxHHHoro n KOCBennoro pemennH 
npoGjieMbi o reoMexpHHecKoii narjia^iHOCXH b MHoroMepnbix 
3BKjiH;iOBbix npocxpancxBax, Moryx orpannnnxb CBoe 3HaK0MCXB0 
c KHHFOH HxenneM jinuib xojibKO I xjiaBbi. Hnxaxejin, nnxepe- 
cyiomneoi ncKjnoHnxejibno npaKXHHecKHMH acncKxaMn, CB)i3aH- 
HbiMH c nporpaMMHOH peajiH3aLiHeH npeA-xaraeMon Bepcnn 
pemenna npoGjieMbi rjio5ajibnoro naGjnoflenna, Moryx nponycxnxb 
Hxenne III rjiaBw, a xaK^Ke pa3AejiOB 1.4 n 2.3. 

Ho 3aMbicjiy aBxopa, nonxn nojinoe oxcyxcxBne b Knnre 
5n6jinorpa(|)nn ;ioji5Kno cjiyacnxb ne cxojibKO fljia (|)nKcaLinn 
nnonepcKoro xapaKxepa n3JiaraeMoro Maxepnajia, a, CKOJibKO ^jih 
noAHepKnBanna Majiocxn ncnojib3yeMoro MaxeMaxnHecKoro 
Maxepnajia. Ox nnxaxejia ^jih ocBoenna Knnrn, n b ocoGennocxn 
111 FjiaBbi, B Gojibuien cxenenn xpeGyexca Apyroe, a nivienno xo, 
nexo npniviepno Moacno Ghjio Gh na3biBaxb wpacnpe^ejiennbiM n ne 
cxaxnHnbiM xpexMepnwM BOo5pa>KenneM». 

Hcnojib30Bannbie b pa5oxe xaxne cnMBOJibi KaK uixpnxn, 
3Be3AOHKn, Kpy^KOHKn n neKOxopwe nx K0M6nnan;nn Bcerfla 
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3anHCbiBaiOTC)i na Mecxe npaBoro BepxHero HH^ieKca. Hacxb 
npHBO^HMbix B KHHre pHcyHKOB nojiyHena nocpe^cxBOM ne- 
CKOJibKHx BcnoMoraxejibHbix ;iHajioroBbix nporpaMM, paspaGoxan- 
Hbix aBxopoM B nporpaMMHoii cpe^e Visual Basic 6.0. 

B KHHFH Bciofly xepMHHbi «Ha6jiiofleHHe» H «cjie>KeHHe» 
ynoxpe5ji)iioxc)i xojibKO KaK chhohhmh. 

HeKOxopbie Maxepnajibi khhfh oGcyac^iajiHCb na KOH(|)epeHL(Hax 
[1],[2] HHa ceMHHapaxB HK HAH A3ep5aHfl>KaHa. 

B saKjiiOHeHHe BBe;ieHHH CHHxaio cbohm npnaxKbiM ^iojifom 
BbipasHXb npH3HaxejibH0CXb Hjien-KoppecnoH^ieHxy HAH 
BejiopyccHH O.M.Khphjijioboh 3a nofl^ep^KKy h HayHHbie 
coBexbi, yBejiHHHBuiHe peniHMOCXb aBxopa b HanHcaHHH axoii 
KHHFH. Bjiaxoflapio HayHHOFO peflaKxopa khhfh, aKa^eMHKa 
HAH A3ep5aH;i»caHa /],»c.3.AjijiaxBepflHeBa 3a oGcyac^eHHa 
KHHFH, CHOCoGcxByiomHe yjiyHineHHK) H3Jio»ceHHa xcmh. 

BjiHSHHe 3XHX KpyHHbix ^leHxejieH nayKH, a xaK»ce HOAAep>K- 
Ka, 0Ka3aHHaa pyKOBO^cxBOM HK HAH A3ep5aH;i>KaHa h, b hc 
MCHbuieH cxeneHH, ;iHpeKxopoM HHM BFY, aKafleMHKOM HAH 
A3ep6aH;i>KaHa O. A. AjineBbiM, Bce Bpeivia B^ioxHOBjiajin aB- 
xopa ycKopnxb paGoxy na^ 3aBepineHHeM o(|)opMjieHHa khhfh. 

Jlsifi aBxopa H0Jie3HbiMH 0Ka3ajiHCb 3aMeHaHHa peLieH3eHX0B - 
A.r.P3aeBa (ho xcpmhhojiofhh) h T .T .A6ji,y jisiaeBoii (ho 

MCAHLIHHCKOH ^IHaFHOCXHKC). HpHHOHiy HM CBOK) 6jiaF0;iapH0CXb. 

HaKOHeu;, h ^lajieKO ne b HOCJie^Hioio onepe^b, a Bbipaacaio 
HpH3HaxejibH0CXb Moefi KOJiJiexe ho paGoxe h cynpyxe - k. (|) . -m. h. 
3jibMHpe Axyn^iOBOH, HOflflep>KaBineH Mena H0Jie3HbiMH ^ijia 
KHHFH coBexaMH H, KpoMC xoFO, B3)iBineH HOHXH Bce 3a5oxbi Haineii 
ceMbH na cboh hjichh 3a Becb ;iJiHxejibHbiH nepno^ paGoxbi na^ 

3X0H KHHFOH. 
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rjIABA I. HEPBAH AAAHTHBHAH 

KOOPAHHATHAH CHCTEMA 

HepBaa rjiaBa nocBamena onpeflCJieHHio a^anTHBHOH KOopAH- 
HaxHOH CHCxeMbi H HccjieflOBaHHK) HeKOTopbix ee CBoiicTB. B Heii, 
nocjie onHcaHHa o6o3HaHeHHH j^jis noKasaHHH ^laxHHKOB h onpe- 
^lejieHHa ^lonycxHMbix, rpaHHHHwx h onxHMajibHwx (naHjiyHinHx, 
HOMHHajibHbix, nporpaMMHO saflaHKbix h, HaKOHeii, npocxo acejian- 
Hbix) Hx 3HaHeHHH (pasflcji 1.1), BBOflHxca noHaxHe nepBofi a^an- 

XHBHOH KOOpflHHaXHOH CHCXCMbl, HaXOflHUieHOI B HCXOflHOM nOJIO- 

aceHHH (pasfleji 1.2). 

B pas^ejie 1.2 npoBe^ienbi xmaxenbHbie oGcy^K^ienHH nenpo- 
cxoH aa^aHH Bbi5opa ejinHnu, HSMepenHa ;ijia KOopflHHaxHwx oceii 
1 aflanxHBHOH KOop^HHaxHOH CHCxeMbi, paccHHxaHHbix fl,jis reo- 
MexpHHecKoro npe^cxaBjieHHa HHCJieHHbix 3HaHeHHH noKasaHHH 
flaxHHKOB. CjioacHOCXb 3X0H sa^aHH npeAonpe^ejiaexca xcm, hxo 
KOHxpojiHpyeMbie naGjiiOAaxejieM ;iaxHHKH ne oGasaxejibHO - Ofl- 
HOXHRHbie. Jlsifi «pa3Ba3biBaHHa» 3xoro FopAHeBoro ysjia mh npe^- 
npHHajiH uiaPH, Bbi3biBaiomHe HeKOxopwe accoLiHaitHH co cno- 

C060M, npHMeHeHHbIM BejIHKHM AjieKCaH^ipOM MaKeflOHCKHM flJIH 

pacnyxbiBaHHa OAHOHMeHHoro ysjia. 

OGiijee xpeGoBaHHe, Koxopoe npefltaBjiaexca k ^laxHHKaM, 3aK- 
jiiOHaexca b xom, hxo hohxh bchkhh HcnojibsyeMbifi b naGjiiOAe- 
HHH ;iaxHHK B Ka>K;ibiH xeKymHH MOMCHx BpeMCHH ^lojiacen HMexb 
HaHjiyHniHe h He^onycxHMbie (cHHsy h CBepxy) SHaneHHa. HnaHC 
roBopa, K ^laxHHKaM, HcnojibsyeMWM b npoijecce cjie>KeHHa, KaKHe- 
jih6o oco5bie cneLiH(|)HHecKHe xpe5oBaHHa ne npefltaBjiaioxca. B 
nacxHOCXH, cpe^H KOHxpojinpyeMbix naGjiiOflaxejieM ;iaxHHKOB 
Moryx 6bixb xaKHe, Koxopwe nepe^aiox CHPHajiw c KaKofi yro^HO 
cjiTOKHOH cxpyKxypoH. 

B pasflejie 1.3 Bwacnaioxca HeKOxopwe a(|)(|)HHHbie, MexpHne- 
CKHC H xonojiOFHHecKHe CBOHCXBa noflMHoacecxBa 3BKjiH;iOBa npo- 
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cxpaHCTBa i?3 , KOTopoe sa^eHCTBOBaHO b KOHCxpyKiiHH a^anTHB- 
HOH KoopflHHaxHOH CHCxeMbi. BbiacHeH TaK>Ke Bonpoc o ee pa3- 

MepHOCTH. 

Pesyjibxaxbi axoro pas^ejia, bo3mo>kho, noMoryx coAeficxBO- 
Baxb noHHMaHHK) xoro, hxo aflanxHBHaa KOopflHHaxHaa CHCxeivia - 
noxcHLiHajibHO He «Hy»cepoAHbiH 3jieMeHx» b pa;iy hsbccxkhx h 
nojiesHbix KOopflHHaxHbix chcxcm. 

B ocHOBHOM pesyjibxaxe pas^ejia 1.3 3a(|)HKCHpoBaHO HajiHHHe 
roMeoMop(|)H3Ma Me^K^iy SBKjiHflOBbiM npocxpancxBOM R^ h mho- 
roo6pa3HeM rpa(|)OB, onpeflejieHHWM cneiiHajibHbiM o6pa30M na 

oGblHHOH ;iByMepHOH njIOCKOCXH. 

B 3X0M 5Ke pa3Aejie (b npHMenanHH 2) BRpaxije pa3'bacHeH0 
Ba>KHoe npaKXHHecKoe 3HaHeHHe nonaxHa roMeoMop(|)H3Ma, hc- 
nojib3yeMoro bo mhofhx pa3Aejiax 3xoh khhfh. 

Hmchho Ha 5a3e axoro roMeoMop(|)H3Ma b pa3Aejie 1.4 npe^- 
jioacena npocxaa Bepcna ^ijih HacxHHHoro h KOCBeHHoro pemeHHH 
oGmefi npoGjieMbi o reoMexpHnecKOH narjia^iHOCXH b 3BKjiH;iOBbix 
npocxpancxBax R^ (« > 3) . 

B npefljiaraeMOM ee pemeHHH Hcnojib3yexca reoMexpHHecKaH 
KOHCxpyKLiHH cxaiiHOHapHOH KOopAHHaxHOH CHCxeMbi, nojiyHeH- 
HOH ox 1 a^anxMBHOH KOop;iHHaxHOH CHCxeMbi nyxeM ox5pacbi- 
BaHHa BpeMeHHbix KoopAHHaxHbix ocefi. 

npe^cxaBjiaexca necKOJibKO HHxpHpyiomHM h y^iHBHxejibHWM 
xox (|)aKx, Hxo npo6jieMa reoMexpHHecKoii narjiH^iHOCXH b mhofo- 
MepHbix 3BKjiHflOBbix npocxpaHCXBax 0Ka3ajiacb xaK npocxo h 

XeCHO CBfl3aHH0H C npoGjieMOH XJIoGajIbHOFO Ha6jIK)fleHH5I. 
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1.1. nOKASAHHil AATHHKOB 

HpeAnojiaraeM, hto HaGjnoAaxejib pacnojiaraex HeoGxoAH- 

MblMH XeXHHHeCKHMH CpeACTBaMH JiJIfl npHCMa H o6pa6oTKH 

CHrHajiOB (aHajioroBbix hjih ijHCJDpoBbix) ox Gojibuioro kojih- 

neCTBa OAHOBpeMeHHO (JjyHKLlHOHHpyiOIUHX AaXHHKOB pasjiHH- 

Horo HasHaneHHa. 

HanpHMep, OAHOBpeMeHHO nacxb AaxHHKOB Moryx nepe^a- 
Baxb SHaHCHHa xexyinHx KOopAHHax HCKOxoporo HHCJia no- 
ABHacHbix oGtexxoB, Apyraa nacxb, Moryx oxapaxxepHSOBaxb 
KanecxBa hjih ocoGchhocxh npoxexaHHa neKOxoporo HHCJia 

npOHSBOACXBeHHblX HJIH HpHpOAHblX HpOLieCCOB COOXBeXCX- 

BeHHO, xpexba Hacxb - cnrHanHSHpoBaxb o xexymeM 4)H3h- 
necKOM cocxoaHHH HeKOxoporo HHCna moAeii h x.a- 

Tax Hxo HaM BOBce ne nyacHO noxpeGoBaxb, hxoGw hhc- 
neHHbie noKasaHna AaxHHKOB, cneAOBaxenbHO, h caMH a^xmh- 

KH, H, HaKOHeil, COOXBCXCXByiOIUHe 3XHM HOKaSaHHaM 4)H3HHe- 

CKHe pasMepHOCXH, Gbijih oahoxhhhmmh. 

HHCneHHbie noKasaHna, b saBHCHMOCxn ox xhhob Hcnonb- 
3yeMbix pasnHHHbix AaxHHKOB Moryx 6bixb oxapaKxepHSO- 

BaHbl, KaK 06bIHH0, COOXBCXCXByiOIUHMH KaK CHCXeMHblMH, xaK 
H BHeCHCXCMHblMH (j^HSHHCCKHMH paSMepHOCXaMH. He HCKJIIO- 

Haioxca xaxace cnynaH Hcnonbso Banna GespasMepnbix Benii- 

HIIH. 

Hiiace, Mbi GyACM iicxoAHXb 113 xoro oGinero npiiSHaxa (ox- 
HOCiixenbHO AaxHiiKOb), hxo cpeAH npoiiSBOHbHbix HiicnenHbix 
noKasaHiiii noHxii Bcaxoro iicnonbsyeMoro b HaGniOAeHiiii ^ax- 
HiiKa iiMeioxca HaiinyHmiie (b saBiiciiMOCxii ox KOHxeKCxa: - 
onxiiManbRbie, HOMiiHanbHbie, nporpaMMHO saAanHbie 11, naKO- 
HCLi, npocxo acenaHHbie) 11 neAonycxiiMbie (cniisy 11 CBepxy) 
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3HaHeHHH. IIocjieAHHe SHaneHHa, ohcbhaho, Moryx Gbitb onpe- 
AejiCHbi (b npoLiecce oGyneHHa) h3 anpnopH HSBecxHbix ycjio- 

BHH O rpaHHIjaX HOpMaHbHOrO (JDyHKIlHOHHpOBaHHa Ha6jIK)- 

AacMbix oGteKTOB h, pasyMeexca, c ynexoM xexHHHecKHx xa- 
paKxepHCXHK npHMenaeMbix AaxHHKOB. 

Ilycxb HMeexca N oGtexxoB a-h^ HaGniOAeHHa, h Bce ohh 
npoHyMepoBaHbi b npoHSBOJibHOM nop^AKe HaxypanbHbiMH 
HHCJiaMH 1, 2,...,jV. CorjiacHO npoGjieivie rjioGanbHoro naGjiK)- 
ACHHa OAHOMy Ha6jiK)AaxejiK) xpeGyexca b xencHHe Hexoxo- 
poro BpeMeHH ^ = [^, ^i], ocymecxBjiaxb OAHOBpeMeHHoe cjie- 
accHHC cpasy sa noBeACHHaMH Bcex N oGtexxoB, Hcnojibsya 
AJia 3X0 ro xexyiuHe noxasaHHa n>N AaxHHKOB: 

li(0, 12(0,..., l;t,(d 2i(0, 22(0,..., 2,^(0,..., A^i(0, A^2(0,-, ^;t,,(4 

3Aecb ij{t) - CKajiapnaa 4)yHKLiHa, paBHaa b MOMenx Bpe- 
MeHH t ^T HHCJieHHOMy SHaneHHio HOxasaHHa j - ro AaxHHxa 
oxneceHHoro k oGtexxy / , i = 1, N , 7 = 1, k^ . 

TaKHM oGpasoM, xax 3x0 bhaho hs oGosHaHenHH, mm 
npHHajiH, Hxo KOJiHHecxBO saACHCXBOBaHKbix AJi^ oGteKxa /' 
AaxHHKOB paBHO kj, i = 1, N , a cyMMapnoe KOJiHHecxBO Bcex 

AaxHHKOB onpeACJiaexca paBencxBOM n = k^ +k2+--- + kj^ . 

HyacHO noAHepxHyxb, hxo CKajiapHOCXb (JDyHKiiHH ij{t) 

HMeex cymecxBeHHoe SHaneHHe a-h^ HSJiaraeMOH reoMexpHne- 
CKOH BepcHH pemeHHa npoGneMbi. no3xoMy, ecjiH noxasaHHa 
KaKoro-jiH6o AaxHHKa onHCWBaroxca BexxopHOH (JDyHKiiHeH, xo 
KajKAOH ee KOMnoHenxe cjieAyex oxHOCHXbca KaK k CKanap- 
HOMy noKasaHHK) oxAenbHoro AaxHHKa. 
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HanpHMep, noKasaHHa ycxpoHCXBa, nepeAaKDinero cpasy 
xpH KoopAHHaxbi KaKoro-jiH6o MoGHjibHoro oGteKxa, naAJie- 
acHx BOcnpHHHMaxb KaK CKajiapHbie noxasaHHa xpex AaxHH- 

KOB. 

OnpeACJieHHe 1.1.1. 0yHKifuu i j{t) nasoecM nadjiiodae- 

MbiMU, a ux HucjiCHHue SHaHeHUH HadjiiodaeMbiMM SHane- 
HUHMU. HasoeeM donycmuMUMU ece me HadmodaeMue sna- 
nenuH ijif), j = \k^, teT, npu Komopbix o6-beKm i (pynx- 

ijuoHupyem HopmajibHO, i = \, N . 

npHMCM, Hxo Bce AaxHHKH HjiH, xoxa 6bi, noAaBjiaKDinee 

KOJIHHeCXBO AaXHHKOB, SaACHCXBOBaHKblX B npoLtccc Ha6jIK)Ae- 

HHa, Moryx npHHHMaxb AonycxHMbie SHaneHHa h3 Hexoxopbix 

HHXepBajIOB. 

IlyCXb Ijj [t) = {cij [t), by [t)) - MHHHMajIbHblH no AJIHHC HH- 

xepBaji, coAcpacainHH b MOMenx BpeMeHH teT Bce AonycxH- 
Mbie SHaneHHa (JDyHKiiHH ij{t), xax hxo oGtexx /, i = \,N, 

(JDyHKiiHOHHpyex na MOMenx BpeMeHH t HopManbHO, ecjiH 
xojibKO ij (t) e ly [t) jina Bcex SHanenHH j , j = \k^ . 

SaBHCHMOCXb B o6ineM cjiynae rpaHHij ayitj h byitj ox 

BpeMeHH HOSBOJiaex pacmnpHXb paanoBHAHOCXH naGjiiOAae- 
Mbix oGteKxoB. HanpHMep, b npoiiecc HaGjiKDACHHa mojkho 
BKjiioHaxb B GojibuioM KOJiHHecxBe xaKHe HOABHJKHbie oGteK- 
xbi KaK caMOJiexbi, KOCMnnecKne jiexaxenbHbie annapaxbi h 

X.A. IIpH 3X0M COOXBeXCXByKDIUHMH COBOKyHHOCXaMH (JDyHK- 

LIHH ajj\t) H bjj\t) MoacHO saAaBaxb, nanpHMep, KOopAHnaxbi 

rpaHHii KopHAopa nojiexa hjih KOopAHnaxbi rpaHHii sohm 
cnycKa jiexaxenbHoro annapaxa h x.a. 
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SaMenaHue 06 unmepeajiax 

CjICAyeX OTMCTHTb, HTO npH B03HHKH0BeHHH Heo6xOAHMOCTH, OT- 

KpbiTbiH HHxepBaji jiJin /lonycTHMbix 3HaHeHHH M05KH0 saMCHHTb nojiy- 
saMKHyxbiM HjiH saMKHyxbiM HHxepBajiOM, 6e3 cepbe3Horo yinep6a njin 
AajibHeiiniero H3Ji05KeHHa. B 3thx, hc ynoMHHacMbix naMH /lanee cjiy- 
Haax, npH/iexca bhccth He6ojibmHe h OHCBH/iHbie HSMeneHHa b neKO- 
Topbie npHBOAHMbie b KHHre onpeACJieHHa h nocxpoeHHa. 

OnpeACJieHHe 1.1.2. 3HaHeHUH HadmodaeMoii (pynKijuu 
ij{t), ydoejiemeopHioufue ycjioeuK) ij{t)i I^jit), nasoecM ne- 

donycmuMUMU (ujiu onacnuMU, HeotcejiamejibHbiMu) djiH 
odteKma i e MOMenm epemeHU t u no damnuKy j , omueceH- 
Hojuy K od-beKmy i . 

OyHKLiHH ayitj H byitj GyACM nasbiBaxb jieebiMU h npa- 

euMU zpanuHHUMU (pynKifUHMU cooTBexcxBeHHO, hjih, HHorAa 
Gojiee KpaxKO - epaHUHHUMU (pynKifUHMU. SnaHeHHa 3thx 
(JDyHKLiHH HasoBeM cooTBexcTBeHHO jieeuMU H npaeuMU zpa- 
HUHHUMU HedonycmuMUMU SHaneHUHMU, hjih KpaxKO - apa- 

HUHHblMU 3HaHeHUHMU. 

ripHMCM, HTO HOKasaHHe KaacAoro AaxHHKa Moacex hmctb 
caMoe Gojibuiee jx&t rpaHHHHbix HeAonycxHMbix SHancHHa, 
npn KOTopbix BOSHHKaex onacHOCXb j^jia HopManbHoro (JDynK- 
ijHOHHpoBaHHa cooxBCxcxByioinero oGteKxa cjieacenHa. 

CjiynaH ay(-)=-Qo hjih ^y(-)=+Qo CHHxaeM BOSMoacHbiMH. 

He HCKjHonaioxca cnynaH, KorAa HeKOxopwe (JDyHKiiHH / (•) 

- AHCKpexHbie HUH GyneBbi. 

HanpHMep, nycxb / (•) - AHCKpexnaa (JDyHKiiHa h HMeex 

xonbKO OAHO HeAonycxHMoe KpaiiHee (MHHHManbHoe huh MaK- 
CHManbHoe) SHaneHHe. B 3xom cnynae, HeAonycxHMoe sna- 
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HCHHC npHnHCbiBaexca oahoh h3 (Jdyhklihh a,yv) hjih ^,yv), a 
HHxepBaji lijx) saMenaexca oahhm h3 GecKOHenHbix HHxepBa- 

JIOB (ay(-),Q0J HJIH (^-00,^. (•)] COOXBeXCXBCHHO. EcxeCXBCHHO, 

Hxo B 060HX cjiynaax npoiiecc cjieaceHHa ynpomaexca, no- 
CKOJibKy cooxBexcxBeHHO yMCHbiiiaioxca oGinee kouhhccxbo 

rpaHHHHblX OrpaHHHCHHH. 

OnpeACJieHHe 1.1.3. BudenuM e KaotcdoM unmepeajie 
Ijjit) no odnou donycmuMOU moHKC c^jit), u npuMCM, mno e 

KajKdbiu MOMenm epejuenu teT SHanenuH Cyif), j = \,kj, 

coomeemcmeyiom naujiymueMy (onmuMajibHOMy, HOMunajib- 
Hojuy, npoepajHMHO sadaHHOJuy) peoKumy (pyHKijuoHupoea- 
HUH o6-beKma i , i = 1, N . Hasoeem omodpacHceHUH c^ (t) - 

onmuMajibHbiMU (pyHKifUHMU, a ux 3HaHeHUH coomeem- 
cmeeHHO - onmuMajibHUMU SHaMenuHMU. 

3Aecb H Aajiee noBciOAy b xexcxe xepMHH «onxHMajibHbiH» 
Hcnojibsyexca b coGnpaxejibHOM CMbicjie, oh y nac saMenaex 
xepMHHbi «HaHjiyHmHH», «HOMHHajibHbiH» H «HporpaMMHO 3a- 
AaHHbiH», Koxopwe npHMenaioxca ji,jm OHHcanHa acenaeMbix 
(hjih oacHAaeMbix) xapaxxepncxHR oGtexxoB cneacenHa. 

OnHCbiBaeMaa b KHHre CHCxeMa cneaccHHa cxpoHxca npn 
coGniOAeHHH cncAyioinHx AByx hcxoahwx ycnoBHii: 

1. SnaHeHUR ecex onmuMajibHbix (pynKijuii c^jitj VreT 
eceeda npednojiazawmcH KonenHbiMu; 

2. OnmuMajibHbie SHaneHUH, maKOtce kqk u zpanuHHue 
HedonycmuMbie SHanenuR, CHumawmcH sapauee (anpuopu) 
u3eecmHbiMU ujiu sadannuMU . 
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PasyMeexca, hto npn 3tom hc HCKjiKDHaexca bosmojkhoctb 
Hx xeKymeH KoppeKXHpoBKH, T.e. HSMeneHHa no xoAy BpeMe- 
HH, HTO Moacex OKasaxbca nojiesHOH, HanpHMep, npn cjieace- 
HHax 3a MoGHjibHbiMH oGteKxaMH. 

Hs onpeACJieHHa 1.1.3 BbixeKaiOT cjiCAyioiuHe oxHomeHHa 
nopaAKa: 

ay{T)<Cy{T)<by{T) ^ J ^ T , l = ^j^ , j = l^, ^ (LLl) 

IIpoLiecc cjieaceHHa a-h^ KaacAOH oxAenbHO bs^xoh na- 
GjiKDAacMOH 4)yHKLiHH i j{t) HecjioaceH, a HMeHHO, xpeGyexca 

B KaacAbiH MOMenx BpeMCHH t ^T snaxb AByx Beinefi: cnpa- 

BCAJIHBO JIH BKUKDHCHHe / \f) G I ^ {t) (oXCyXCXBHe HJIH HajIH- 
HHC aBapHHHOH CHXyailHH Ha MOMeHX BpeMCHH t), u ecjiH 

Aa, xo HacKOJibKO snaneHHa ijit) Gjihskh k OHXHManbHbiM 
SHancHHaM Cjj\t) (oHpcAejieHHe xanecxBa 4)yHKLiHOHHpo- 
Banna cooxBexcxByioinero ysjia oGtexxa / na MOMenx Bpe- 

MeHH t). 

flaHHbiH npoLiecc npcBpamaexca b oneHb cepbesnyio 
npoGjieMy (rjioGanbHoro Ha5jiK)AeHHa) xor^a, KorAa hhcjio 
n BejiHKO H xpe6yexca OAHOMy Ha6jiK)AaxejiK) no xoAy 
BpeMenn ocymecxBjiaxb OAHOBpeMennoe naAeacnoe cjieace- 
nne, x.e. npocjiCAHXb no xoAy BpeMenn sa nsMenennaMn 
Hncjiennbix snanennn Bcex naGniOAaeMbix (JDynKiinn ijif), 

i = 1, N , j = \,kj , t eT , xapaKxepnsyKDiunx Konxpojinpye- 

Mbix oGteKxoB cjiejKenna. 

HanoMnnM, hxo cmwcji, npnAabaeMbin naMn Bbipaacennio 
«naAe>Knoe cjieacenne)) 6biji panee nsjioacen bo BBe^ennn. 
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SaMenaHue o mpaKmoeKe npo6.neMbi 

npHBCAeHHaa Bbime xpaKxoBKa npo6jieMbi rjio6ajibHoro HaGmoAe- 

HHa - He eAHHCTBCHHO B03M05KHaa. 

Be3 BHeccHHa yBOA^ninx nac b cxopony noacHCHHH, otmcthm, hto 
HanpHMcp, AonycTHMa CHxyaiina, b KOxopoH onxHMajibHbiMH snane- 
HHaMH cjiyjKax SHaneHHa, npeBOCxoAHiHHC no BejiHHHHe cooxbcxcx- 
ByioiHHC SHaneHHa npaBbix rpaHHHHbix (J)yHKiiHH. ripn 3xom, ecxe- 
cxBeHHO, MCHHioxcH cooxBCxcxByioiHHe onpeACJieHHa rpanHHHbix h on- 
xHMajibHbix (J)yHKiiHH. TaK Hxo B npHHijHne, BBCAeHHbie Bbime xepMHHbi 
npn Heo6xoAHMOCXH Moryx npexepncBaxb HSMCHeKHH, o6ecneHHBaa 
xeM caMbiM 6ojibmee cooxBexcxBHC k HOBbiM peajinaM. 

noAo6Hbie HSMeneHHa b /lanHOH KHnre He paccMaxpnBaioxca. 



1.2. nEPBAJI AAAniHBHAJI KOOPAHHATHAJI 
CHCTEMA B HCXOAHOM nOJIO^EHHH 

IlepByio aAanTHBHyio KOopAHHaxHyio CHCxeMy b hcxoahom 
nojioJKCHHH, T.e. AO Hanajia npoiiecca Ha6jiK)AeHHa t<tQ, on- 

peAejiHM B xpexMcpHOM eBKjiHAOBOM npocxpaHCTBe i?3 Ha 

AByx B3aHMH0 nepneHAHKyjiapHbix njiocKOCxax, nepeceKaio- 
iUHxca no HeKOTopoH jiHHHH DDq. Ha rpacJDHHecKOM H3o6pa- 

aceHHH OAHy h3 3thx njiocKOCTCH BbiGepcM xaKHM oGpasoM, 
HTO OHa coBMemajiacb c npaMoyrojiBHOH njiocKOCXbio ahc- 
njiea, a npaMaa jiHHHa DDq Gbijia nepncHAHKyjiapHOH k ocho- 

BaHHK) 3Toro npaMoyrojibHHKa. 

JIhhhk) DDq pasMecTHM npnGjiHSHTejibHO b cepeAHHe 

jieBOH nojiOBHHbi njiocKOCTH AHcnjiea (aji^ xoro htoGw bw- 
Hrpaxb Gojibuie Mccxa na npaBOH nacxH AHcnjiea a-h^ pasMe- 
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mCHHa npOmjIblX KapXHH HaGniOAeHHa, KOMaHAHWX KHOnOK H 
XeKCTOBblX OKOH BBOAa H BblBOAa HHCJDOpMailHH). 

OnpeACJieHHe 1.2.1. UjiocKOcmb, co6Meu(.aemeucH c 
njiocKOcmbw ducnjien, nasoecM necyufeu njiocKOcmbw. 

Ha HCcymeH njiocKOCXH, opxoroHajibHO k jihhhh DDq pac- 

nojioJKHM KOopAHHaxHbie OCH X;, / = 1,«, npeAHasHaneHKbie 

AJia reoMexpHHecKoro HSoGpaaceHHa SHaneHMH Ha6jiK)AaeMbix 

(JDyHKIIHH ijifh rpaHHHHblX H OnXHMajIbHblX (JDyHKIIHH, 

ByAeM CHHxaxb, hxo Bce 3xh KOopAHHaxHbie och opneHXH- 
poBaHbi OAHHaKOBO (na njiocKOCXH AHcnjiea b HanpaBjieHHH 
cjieBa HanpaBo) h HanajibHaa xoHxa xaacAOH KOopAHHaxHoii 

OCH Xj HaXOAHXCa Ha JIHHHH DDq . 

Ha BxopoH HjiocKOCXH, opxoroHajibHOH K HecymeH hjio- 
CKOCXH, pacHOJioacHM B KOJiHHecxBC n H HepneHAHKyjiapHO K 
JIHHHH DDq KoopAHHaxHbie OCH t^ , HpeAHasHaHeHHbie AJIH 

H3MepeHHa bpcmchh. HpHMeM, hxo och bpcmchh t^ b nanajib- 
Hbix xoHKax npHMbiKaiox K nanany cooxBCxcxByioinHx (no hh- 
ACKcy) KOopAHHaxHbix oceii x^ . B pesynbxaxe, xaacAaa napa 

oceii Xj , t^, i = \,n,B npocxpancxBC i?3 6yAex onpcAenaxb ko- 
opAHHaxHyio HnocKOCXb. 

CHHXaCM, HXO OCH BpCMCHH OpHCHXHpOBaHbl OAHHaKOBO H 

xaKHM oGpasoM, hxo xaacAaa ynopaAOHCHnaa napa KOopAnnax- 
Hbix oceii Xj , tj oGpasyex neByio ACKapxoByio KOopAHnaxnyio 

CHCxcMy (eAHHHLibi HSMepenna KOopAHnaxnbix oceii onpe^e- 
nenbi nnace). 
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CjiCAyioiuHe AonojiHHxejibHbie AByx HHACKCHwe oGoaHane- 

HHa Xjj H tjj AJI^ KOOpAHHaXHblX OCeH X^ H t^ COOTBeXCT- 

BeHHO, OKasbiBaiOTca HHorAa Gojiee yAoGnbiMH, nocKOJibKy 
nosBOJiaiOT ycxanoBHTb jierKO BOcnpHHHMacMbie BsaHMHOOA- 
HOSHaHHbie cooTBCTCTBHa Xj- -o- / (•), t^ -o- / (•) Meac^y Koop- 

AHHaXHblMH OCaMH H HyMCpailHaMH AaXHHKOB: 



^u=' 


Xj, i = \,j = \,ki, 


h=' 


tj, i = lj = lk^^ 



(1.2.1) 



Ho cooGpaaceHHaM CHMMexpHH yAoGno CHHTaxb, hto pac- 

CTOaHHa MeaCAy BCCMH GjIHacaHUIHMH COCCAHHMH KOOpAHHaX- 
HblMH njIOCKOCXaMH OAHHaKOBbl. OAHaKO 3X0 yCJIOBHC HC ecxb 

cepbesHoe orpaHHHeHHe, h mojkcx 6bixb HapymeHO npn bo3- 

HHKHOBeHHH HeoGxOAHMOCXH. 

HanpHMep, MoacHO 6e3 npepwBaHHa npoiiecca HaGniOAe- 

HHa BKJIKDHaXb B aAanXHBHyK) KOOpAHHaXHyK) CHCXCMy HOBbie 
KOOpAHHaXHbie njIOCKOCXH, HJIH HCKJIIOHHXb HeKOXOpbie H3 
HHX. 

PaccxoaHHa MeacAy napanjiejibHbiMH KOopAHHaxHbiMH njio- 
CKOCxaMH, Gojiee xoro, h Bca xa nacxb 3BKjiHAOBoro npo- 
cxpaHcxBa R^, Koxopaa aBjiaexca AonojiHCHHeM k koopah- 
HaxHbiM njiocKOCxaM, hhkohm oGpasoM ne Bjinaiox na KOopAH- 

HaXHO-HSMCpHXejIbHbie 4)yHKLlHH aAanXHBHOH KOOpAHHaXHOH 
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CHCTCMbl. 

^ByMcpHbie KOopAHHaxHbie CHCxeMbi b KOJiHHecxBe n , on- 
peAejieHHbie Bbime na AeKapxoBbix npoHSBeACHHax X^ x t^ , h 

npeAHasHaneHHbie a-h^ (JDHKCHpoBaHHa xexyinHx noKasaHHH 
Bcex AaxHHKOB, a xaxace hx onxHManbHbix h rpaHHHHbix ne- 
AonycxHMbix SHaneHMH na cooxBCxcxByioinHx (no HHAeKcaM) 
KOopAHHaxHbix njiocKOCxax, oGpasyKDx b eBKjiHAOBOM npo- 
cxpancxBe i?3 iiejibHyio KOHCxpyKiiHio cahhoh KOopAHnaxHOH 

CHCXeMbl. 

3xy KOopAHHaxHyK) CHCxeMy oxcnexa, nocjie onpeACJieHHa 

CAHHHLl HSMepeHHa Ji,Jl5i BCCX 66 KOOpAHHaXHblX 0C6H, GyACM 

HasbiBaxb nepeou adanmueuou KOopduHamnou cucmeMOU 
(cm. pHC. 1). 

npHM6M, HXO B npOLl6CC6 CJI65K6HHa X6H6HH6 Bp6M6HH Ha 
BC6X KOOpAHHaXHblX OCaX Bp6M6HH t^ H^eHXHHHbl C X6H6HH- 

6M BP6M6HH H6KOxoporo HcnpaBHO pa6oxaK)in6ro nacoBoro 

yCXpOHCXBa, H A-UHHbl 6AHHHLI H3M6p6HHa Bp6M6HH Ha BC6X 
KOOpAHHaXHblX OCaX BP6M6HH X05KA6CXB6HHO OAHHaKOBbI, H 
paBHbl H6KOXOpOH (JDHKCHpOBaHHOH nOJIO)KHX6JIbHOH B6JIHHH- 
H6. 

HxaK, no npHnaxoMy ycjiOBHio, KOopAHHaxHbi6 ocn Bp6- 

M6HH t^ HM6K)X o6ufyiO 6AHHHLiy Bp6M6HH. 

Onp6Aeji6HH6 1.2.2. XpoHOMempoju nadjiwdeHUH dydem 
nasbieamb ucnpaenoe nacoeoe ycmpoucmeo, nenodeujfCHoe 
oniHOCumejibHO uecma ocyujecmeneHUH HadniodeHUH u uc- 
nojibsyeMoe HadjiwdamejieM e npoijecce cjieofcenuR dun 
ycmaHoeneHUH SHaneHUU epejueHU. 
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^1 ~^y 




*« - ^Nks 



Pud. riepBaa a/ianTHBHaa KOopAHHaxHaa CHCxcMa b hcxoahom 

HenOABH5KHOM nOJIOJKCHHH H C H306pa5KeHHaMH B HaHajIbHblH MOMCHT 

BpeMeHH onxHMajibHbix xoneK Q, = Q, (c,, (fgA to)- 

Kaayjaa HanajibHaH xoHKa O,, hmccx Ha KOopAHHaxHoii njiocKOCXH 
Xjj X ty AeKapxoBbie KoopAHnaxbi (O, /q), ' =1,^, j =1,^, • 



(npodojUKCHue mexcma pucynxa enanane cmp.34) 
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H3 3THX KOopAHHaxHbix sanHCCH acHO, HTO B HCKOTopbix cjiyHaax, 

TOHKH, paCnOJI05KeHHbie Ha paSJIHHHblX /IByMCpHblX KOOpAHHaXHblX 

njiocKOCxax Moryx HMCXb coBepmcHHO OAHHaKOBbie no HHCJieHHbiM 
SHaneHHaM KOopAHHaxbi. no35Ke, njin a/ianxHBHbix KOopAHHaxHbix ch- 
cxeM Mbi BBCACM cneijHajibHbie o6o3HaHeHHa, c iiejibio pasjiHHCHHa sa- 
nHcen KOop^HHax neoAHHaKOBbix xohck h3 pasHbix KOopAHnaxHbix njio- 

CKOCXeil, HMCIOIHHX, OAHaKO OAHHaKOBbie HHCJieHHbie SHaHCHHa Koop- 

AHHax. 

OGinefi eAHHHLie BpeMCHH, eine ao Hanajia npoiiecca cjie- 
accHHa npHnHCbiBaexca OAHa h3 BOSMoacHwx CHCxeMHbix hjih 

BHeCHCTCMHblX (JjHSHHeCKHX paSMepHOCXeH BpeMCHH. 

IIpH 3T0M M05KH0 HCXOAHTb H3 TOrO, HTO (j^HSHHCCKaa pa3- 

MepHOCTb oGmcH CAHHHiibi BpcMeHH xaxaa ace, KaxoBaa koh- 

CXpyKTHBHO HpCAyCMOTpCHa (hJIH yCTaHaBJIHBaeXCa) B KOH- 

KpexHO HCHOJibsyeMOM xpoHOMexpe Ha6jiK)AeHHa. 

OxMeXHM, HXO HpH XaKOM HOAXOAC BCe KOOpAHHaXHbie OCH 
BpeMeHH M05KH0 XpaKXOBaXb KaK KOHHH OAHOH BpeMeHHOH KO- 

opAHHaxHOH OCH. HoaxoMy mw MoaceM roBopnxb 06 oGiucm 
AJia Bcex KOopAHHaxHbix occH t^ SHaneHHH BpeMCHH. Ero mm 

GyACM oGosHanaxb oahhm chmbojiom, o6ihhm ajih Bcex Koop- 
AHHaXHblX oceH BpeMeHH. 

B oxjiHHHe ox KoopAHHaxHbix oceH BpeMeHH t^ , He Bpe- 

MeHHbie KOopAHHaxHbie och x^ nyacHbi a-h^ onpeAejienHH, 

HSMepenna hjih aACKBaxHOH (JjHKcaiiHH b npocxpancxBe xohbk, 
Koxopwe coHOCxaBjiaKDxca HHCJiennbiM HOKasannaM AaxHHKOB 
caMoro pasHOoGpasHoro HasnaneHHa. 

CaMO C060H pasyMeexca, hxo b saBHCHMOCxn ox KOHxpex- 
Hbix HasHanenHH hjih xhhob HcnonbsyeMbix b ijejiax cneacenHa 
AaxHHKOB, cooxBexcxByioiuHe CHCxeMHbie huh BHecHcxeMHbie 
4)H3HHecKHe pasMepnocxH, HpHHHCwBaeMbie eAHHHiiaM nsMe- 
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pcHHa KOopAHHaxHbix oceii x^ , Moryr Gbitb pasjiHHHbiMH. Bo- 
jiee Toro, cpeAH hhx Moryx BCxpeHaxbca pasjiHHHbie 4)H3h- 

HCCKHC paSMCpHOCXH BpCMeHH, oGblHHO HCnOJIbSyCMbie B co- 

cxaBHbix (x.e. hc 4)yHAaMeHxajibHbix) (JDHSHnecKHx eAHHHiiax. 

HanpHMep, ecjiH HeKoxopwH jiexaioinHH caMOJiex aBjiaexca 
OAHHM H3 oGtexxoB cjieaceHHa, xo BpeMa Moacex npncyx- 
cxBOBaxb B noKasaHHax: - nyxeBOH CKopocxH (cKopocxH ne- 
pcMemeHHa caMOJiexa oxHOCHxenbHO seMHOH noBepxHocxn), 
BOSAyuiHOH CKopocxH (cKopocxH nepeMeincHHa caMOJiexa ox- 
HOCHxejibHO BOSAyuiHOH Maccbi), pacxoAa xonjiHBa (pacxoAa 

CAHHHLlbl Maccbi xonjiHBa 3a eAHHHLiy BpeMCHH) H X.A. 

BosMoacHOCXb npHnncbiBaxb eAHHHiiaM HSMcpcHHa Koop- 
AHHaxHbix oceH Xj 4)H3HHecKHe pasMepHocxH, coAcpacaiuHe b 

ce5e pasjiHHHbie pasMepnocxH BpeMeHH, cymecxBCHHO pacuiH- 
paex (JDyHKiiHOHajibHbie bosmojkhocxh CHCxcMbi cjieaceHHa. 

B nacxHOCXH, cxanoBHxca GnaronpHaxHbiM ocymecxBjie- 
HHe OAHOBpeMeHHoro cjieaceHHa sa oGtexxaMH, a-h^ Koxopbix 
HSMeneHHa noKasaHHH AaxHHKOB Moryx npoHCxoAHXb co sna- 

HHXejIbHOH paSHHIjeH B CKOpOCXH. 

HanpHMep, MoacHO ocymecxBjiaxb OAHOBpeMeHHoe cjieace- 

HHe 3a HSMCHeHHaMH nOCXynaiOIUHX SHaHCHHH MrHOBCHHblX 

CKopocxeH, xapaKxepHsyioinHx nporpaMMHbie ABHaceHHa coox- 
BexcxBCHHO moGhjibhoh paxexHOH cxapxoBOH njiaxcJDopMbi - b 
CAHHHLiax c 4)H3HHecKOH pasMepHOCXbK) km/hqc , H BbinyuieH- 
HOH H3 Hee ace paxexbi - b eji,iiniiu,ax km/cck . 

HenpoxHBopcHHBOCXb cjiynaa, KorAa 4)H3HHecKaa pasMcp- 

HOCXb eAHHHLlbl HSMepeHHa HCKOXOpOH KOOpAHHaXHOH OCH X^ 
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coAcpacHT BpeMa, no (JDHSHnecKOH pasMepnocTH oxjiHHaio- 

IUHMCa OT eAHHHLlbl BpeMeHH COOTBCTCTByKDIHeH KOOpAH- 
HaXHOH OCH t^ , MOaCHO nOaCHHTb CJieAyroiUHM HarjIHAHbIM 

npHMepoM: 

IlaccaacHp aBxoMoGHjia, HMeioinHH ceKyHAOMep Moacex b 
jiK)5yK) cexyHAy onpeAejiHXb no cnnAOMexpy cooxBCxcxByio- 
myio 3X0H cexyHAe MrHOBennyK) CKopocxb aBxoMoGnjia b cah- 
HHiiax, 4)H3HHecKaa pasMepnocxb Koxopwx BKUKDnaex nacbi. 
CcKyHAbi oxcHHXbiBaioxca B nameM npniviepe na KOopAH- 
naxHOH OCH BpeMenn t^ , a MrnoBennbie CKopocxn, Bbipaacen- 

Hbie B eAHHHLiax c (JDnsHHecKon pasMepnocxbK) km/hqc , onpe- 
Aejiaioxca no nx npoeKiinaM na cooxBCxcxByKDinyK) KOopAH- 
naxnyK) ocb x^ . 

Onenb Baacno, hxo bobcc ne xpe5yexca yHncj^niinpoBaxb 
pasjiHHHbie BcxpenaioinHeca saBncHMwe (JDHSHHCCKne pasMcp- 

HOCXH. 

HanpoxHB, b onpeAenennbix cjiynaax, sa cnex naAJieaca- 
mero npeAHaMcpennoro HSMenenna snaHennn MacmxaGoB p,jm 
neKOxopbix eAHnnii nsMepenna KOopAHnaxnbix ocen x^ , Moac- 

HO AoGnxbca CHHacenna AHcGananca b naGjiiOAaeMbix CKopo- 
cxax HSMeneHnn noKasannn cooxBCxcxByKDiunx a^xmhrob h, 
xeM caMbiM, cosAaxb Gojiee KOMCJDopxnbie ycjiOBna a-h^ ocy- 
mecxBnenna cjieacenna. 

He HCKjiKDHaKDxca cjiynan, KorAa neKOxopwe eAHnniibi ns- 
Mcpenna KOopAHnaxnbix ocen x^, Moryx 6bixb oxapaxxepn- 

soBanbi BOoGme GespasMepnbiMn BennHnnaMn (nanpniviep, 
xaKHMH KaK HHCJia, xapaKxepnsyKDinne KpnxepHn noAoGna 
HjiH, eme npome, xax nncjia, nojiynaeMbie ns oxHomenna AByx 
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BCJIHHHH, HMCIOIUHX OAHHaKOBblC (JDHSHHCCKHe paSMCpHOCTH). 

Mbi npeABHAHM, HTO B ACJie onpeACJieHHa pasjiHHaioinHx- 

Ca 4)H3HHeCKHX paSMCpHOCXeH AJI^ eAHHHLl HSMCpeHHa KOOp- 

AHHaxHbix oceH Xj , KaKHe-jiH6o ocjioacHeHHa ne boshhrhyt. 
To ace caMoe MoacHO yxBepacAaxb h b oxHomeHHH Bbi6opa 

(JDHKCHpOBaHHblX A-HHH Ji,Jl5i COOXBCXCXByiOIUHX eAHHHLl H3Me- 
peHHa KOOpAHHaXHblX oceH. 

^eHCXBHxejibHO, corjiacHO nocxanoBKe npo6jieMbi rjio- 
GajibHoro HaGniOAeHHa, npoiiecc cjieaccHHa bo BcaKHH MOMenx 
BpeMeHH ^ H Ha xaacAOH KOopAHHaxHOH njiocKOCXH Xjj X i^^ , b 

KOHeHHOM Hxore, CBOAHxca K BbMCHeHHK) BsaHMopacnojioacc- 

HHa XOHKH (/' (?^), /^j OXHOCHXejIbHO XpeX XOHCK \aij\f),t], 

\bij{t),t) H \cij\t),t), Koxopwe, no cyxH, coBepmeHHO nesaBH- 
CHMbi ox BsaHMopacnojioaccHHH aHajiorHHHbix xonex na Apy- 

THX KOOpAHHaXHblX njiocKOCxax. 

HCXOA^ H3 XaKOH HeSaBHCHMOCXH, Mbl npHHHMaeM, HXO 

djiUHbi eduHUtj usMepenuH na ecex KOopduHamnux ocnx X^, 

ene saeucuMOcmu om ux (pusunecKUX pasMepnocmeu, oduna- 
Koeu u paenu HeKomopoii (pUKCupoeanHoii eejiuHune. 

BnponeM, h3 cjieAyioinero npocxoro saMenaHHa cjieAyex, 
HXO npH HCoGxoAHMOCXH jierKO M05KH0 oxKasaxbca ox 3xoro 
npeAnojioaceHHa, xax ox hcxoahofo AonymeHHa. 

SaMeHQHue o HeoduHaKoeux no d.nuHe eduHUtjax 

riyCTb /IJIHHbl e/ eAHHHIJ HSMepCHHa COOXBeXCXByiOIHHX KOOPAH- 

HaxHbix oceii Xj- - HeoAHnaKOBbi. Tor/ia, nocjie peajiHsaijHH cjieAyio- 
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iHHx saMCH nepeMCHKbix j^jm nepBbix KOopAHnax npoHSBOJitHbix tohck 

% = Xy eo jej , z = UV , 7 = U; , (1.2.2) 

Mbi B03BpainaeMca k hcxoahomy /lonymeHHio. Tenept, eAHHHijbi hsmc- 

pCHHa 3THX KOOpAHHaXHblX OCCH M05KH0 CHHXaXb OAHHaKOBblMH HO A-XH" 

Hc H paBHbiMH no AJiHHC HanepcA sa/iaHHOH BejiHHHHe eg • 

Cjie/iyex oco6o o6paxHXb BHHMaHne na xo, hxo npeo6pa30BaHHa 

(1.2.2) Kacaioxca xojibKO jinnib /ijihh cahkhii HSMepenHa h hc Bbisbi- 

BaiOX H3MeHeHHH HX (|)H3HHeCKHX pasMepHocxcH. 

Ynex (J)opMyji (1.2.2), j^jm KOopAHHaxHoii H/ieHXH(|)HKaiiHH npHBC- 

/leHHbix Bbime nexbipex xnnoB xohck oxHOcnxejibHO hoboh eAHHHijbi h3- 

Mepenna, /laex nan cjiCAyioiHHe cooxHomeHHa: 

^y it) = a,j {t)eo jej , S^ (t) = h,j {t)eo j ej , 

AyW = Cy{f)eolel , Ijit) = Jj{t)eo/e/ . (1.2.3) 

CooxHomcHHa (1.2. 2), (12. 3) o6ecneHHBaK)x nepexoA ox npe/inojio- 

JKCHHa He H/ICHXHHHOCXH /JJIHH eAHHHIJ HSMCpCHHa /JJia KOOpAHHaXHblX 

oceii Xj.- K HCxoAHOMy npeAnojioJKCHHio o6 hx H/ienxKHHOCXH. J\ji^ 6bi- 

cxporo ocymecxBjieHHa 3xoro nepexo^a, b hphboahmmx b KHHre (J)op- 
Myjiax /locxaxoHHO 6yAex ocymecxBHXb cjie/iyioiHHe npocxbie saMCHbi 
AJia o6o3HaHeHHH: 

x,j ^ t,j (t) , a,j (f ) ^ a,j (f ) , h,j (t) ^ 6y. (f ) , c,j (t) ^ Cy. (f ) , 

CjieAyex oxMexHTb, hto AaHHoe saMenaHHe ne HMeex o6a- 
saxejibHOH jijin npHjioaceHHH chjiw h, booGihc roBopa, He pac- 
CHHxaHO jiJin HcnojiHeHHa npH opraHHsaiiHH npoiieAyp cjie- 
accHHa. 

IIocKOJibKy, oxMCHeHHaa Bbime nesaBHCHMOCXb KOopAH- 
HaxHbix njiocKOCxcH H xaK o6ecneHHBaex KoppexxHOCXb hc- 
xoAHoro npeAnojioJKCHHa o6 hachxhhhocxh a-hhh eAHHHii h3- 
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MCpCHHa KOOpAHHaXHblX OCCH Xj- (CM. npHMCHaHHe 1). 

OGpaxHM BHHMaHHe Ha cjieAyioinee cooGpaaceHHe. Ecjih 
6bi Mbi, B onpeAejieHHH I aAanxHBHOH KoopAHHaxHOH CHCxe- 
Mbi, KOopAHHaxHbie njiocKOCXH pacnojioacHjiH 6bi xaKHM o6pa- 
30M, Hxo BMecxo BepxHKajiH DDq npHuijiocb 6bi paccMaxpH- 

Baxb jiOMaHyio jihhhk), HMeioinyio BepuiHHbi na HanajibHbix 
xoHKax napajiJiejibHbix KOopAHHaxHbix njiocKOCxcH, xo 3xo hh- 
KaK He oxpasHjica 6bi na KOopAHHaxHO-HSMepHxenbHbix (JDyHK- 

IJHaX 3X0H KOOpAHHaXHOH CHCXeMbl. 3xHM oGcXOaXCJIbCXBOM 

Mbi BOcnojibsyeMca BnocjieACXBHH. TorAa ace npHBeACM expo- 
roe oGocHOBaHHe 3xoro cooGpaaceHHa. 

OxMexHM, Hxo HeKOxopyK) nojibsy ox paccMOxpeHHa nep- 
BOH aAanxHBHOH KOopAHHaxHOH CHCxeMbi Mbi yBHAHM yace B 
pasAejie 1.4. 

Ilosace, Mbi Ha ocHOBe I aAanxHBHoii KOopAHHaxHoii CHCxe- 
Mbi BBeACM HOByio aAanxHBHyio KOopAHHaxnyio ciicxeMy, ko- 
xopaa OKasbiBaexca Gojiee noAxoA^meii a-h^ peajiiisaiiiiii npeA- 
jiaraeMoii reoMexpiiHecKoii Bepciiii pemeHiia npoGneMbi rjio- 
GajibHoro HaGniOAeHiia. Ona ne Gy^ex ocoGo nyacAaxbca b 
noApoGnbix oniicaniiax, nocKOJibKy no cxpoeHiiio Gy^ex oxjiii- 
naxbca ox I aAanxiiBHoii KOopAHHaxHoii ciicxeMw reoMexpn- 
necKiiMii MecxonojioJKeHiiaMii oceii BpeMenii. 

Hs iisjioaceHHoro Bbime, bosmojkho noxa ne onenb acHO, 
KaK cjieAOBajio 5bi iiHxepnpexiipoBaxb b acj^cJDiiHHOM, Mexpiine- 
CKOM iijiii xonojioriinecKOM CMbicjie noAMHoacecxBO npocxpan- 
cxBa i?3 , Koxopoe iicnojibsoBano (saAciicxBOBaHo) b KOHCxpyx- 

1(1111 aAanXHBHOH KOOpAHHaXHOII CHCXeMbl. 
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HcHSBecxeH xaKace oGocHOBaHHbiH oxBex na Bonpoc o pas- 

MCpHOCXH aAanXHBHOH KOOpAHHaXHOH CHCXCMbl. 

OxBexbi Ha 3XH Bonpocw Aanbi b cjieAyioineM pasAene. 
npHMCHaHHe 1: 

PaccMoxpHM cjieAyioiHHH npHMep. 

<t)H3HHecKHe pasMcpHOCTH BCJiHHHH ccKyH/iHoro - KzjceK , H Haco- 
Boro pacxo^a xonjiHBa - Kzjnac , /ijia HeKOxoptix AByx OAHOBpeMeHHO 

KOHxpojiHpyeMbix xenjiOBbix ManiHH, pasjiHHaioxca, OAHaKO aBjiaioxca 
saBHCHMbiMH BejiHHHHaMH. TcM HC MCHce, Mbi nojiaraeM, Hxo o6e coox- 
BexcxByioiHHC hm eAHHHijbi H3MepeHHa, KaK h Bce ocxaxbHbie b a/ian- 

XHBHOH KOOpAHHaXHOH CHCXCMe, HMCIOX OAHHaKOBblC AXHHbl. 

TcM caMbiM, opraHHsaxop npoiie^ypbi Ha6xK)AeHHH H36aBjiHexcH ox 
yxoMHxexbHOH Heo6xoAHMOCXH coBcpmaxb xoxb h npaBHXbHbie (KOHen- 

HO, XOXbKO AXa BCXHHHH, HMCIOIHHX SaBHCHMblC (|)H3HHeCKHe paSMCp- 

hocxh), ho (J)aKXHHecKH HCHyjKHbie Bbi6opbi cpe^H oxxHHaioiHHxca no 
/IXHHC oxpesKOB, /jxa cooxHeccHHa hx k eAHHHijaM HSMepenHH 
cooxBCxcxByioiHHx KOopAHHaxHbix oceii. 

B Hxore, cxaHOBHxca HCHyjKHbiM pemeHne «roxoBOxoMOK», CBa- 

SaHHblX C AH(l)(l)epeHIIHpOBaHHbIM Bbl6opOM /IXHH eAHHHIJ H3MepeHHa 
/IJIH MHOrOHHCXeHHblX KOOpAHHaXHblX OCCH X^ ncpBOH a^anXKBHOH 

KOOpAHHaXHOH CHCXCMbl 



41 



1.3. MHOrOOBPASHE TPAOOB 



OnpeACJieHHe 1.3.1. JIumeHHyw oceu epemenu nepeyw 
adanmuenyio KOopduHamnyio cucmejuy 6ydeM nasbieamb 
cmaijuoHapHoii KOopduHanmoii cucmeMoii . 

Hnace, roBopa o KaxoM jih6o npeoGpasoBaHHH KOopAHHax- 
HOH OCH, Mbi HMecM B BH^y ACHCTBHe 3Toro npeoGpasoBaHHa 
Ko BceM TOHKaM 3T0H KoopAHHaxHOH OCH. ^ajiec, Bce pac- 
CMaxpHBaeMbie HHace npeoGpasoBaHHa BpameHHa b eBKjiHAO- 
BOM npocxpaHCTBe i?„ ocymecxBnaiOTca Boxpyr Hanajia Koop- 

AHHax. Mbi HaMepeHHO OTAaeM npcAnoHxeHHe BpameHHaM no 
KOopAHHaxHbiM njiocKOCxaM, nocKOJibKy npn noaBjieHHH neoG- 

XOAHMOCXH HX 6e3 3axpyAHeHHH M05KH0 onHcaxb npocxbiMH 

(JDopMyjiaMH BpamcHHa Ha cooxBexcxByroinHx AByMepHbix ko- 

OpAHHaXHblX njIOCKOCXaX. 

JIcMMa 1.3.1. KompysHrnHbie npeodpasoeanuH Koopdu- 
Hamubix oceu n - Mepnoii npHMoyeojibHoii deKapmoeoii ko- 
opduHamnou cucmejubi x\ U3 aefuiudoea npocmpancmea R^ , 
npueodnufue ux k coenadenuio c coomeemcmeyioufUMU (no 
undeKcaM) KOopduHamnuMU ochmu x^ , / = 1, « , cmaifuo- 

Hapnoii KOopduHamnoii cucmeMu, mom:ho ocyujecmenHmb 
zoMeoMop(pHbiM o6pa30M, a UMCHHO nymcM MHOZOKpamnozo 
npuMenenuH nodxodmi{ux Henpepbienux zpynnoeux npeo6- 
pasoeaHuii epaufenun u napajiJiejibHOZo nepenoca k npeo6- 
pasyeMbiM KOopduHamnuM ochm. 

floKasaxejibcxBO. fljia Hanajia h3 KOHCxpyKiiHH a^an- 

XHBHOH KOOpAHHaXHOH CHCXeMbI yAajIHM OCH BpCMCHH. OcxaB- 

mneca na Hecymen hjiockocxh bcc och x^, cxaiiHOHapHOH 
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KoopAHHaxHOH CHCTCMbi, Moryx GbiTb HCTOJiKOBaHbi KaK «Ae- 

MOHTHpOBaHHbie» KOOpAHHaXHbie OCH X' , Z = 1, « , HeKOTOpOH 
(JDHKCHpOBaHHOH npaMOyrOJIbHOH ACKapTOBOH KOOpAHHaXHOH 
CHCTCMbi H3 3BKJIHA0Ba npOCXpaHCTBa i?„ . Mbl AOJiaCHbl noKa- 
SaXb, HTO «AeM0HTa5K» 3T0H KOOpAHHaXHOH CHCTCMbi MOJKHO 

peajiHSOBbiBaxb nocpcACXBOM roMCOMopcj^nsMa. 

Bbcacm cjiCAyioinee oGosHaHCHiie. B npocxpaHcxBC R^ 
KOopAHHaxHyio njiocKOCXb, onpcAejiacMyio KOopAHHaxHbiMn 

OCaMII x' II x'j , 0603HaHIIM CIIMBOJIOM M,y , / ^ 7 , /' = !,«, 

IIjiocKocxb Mj2 - AByMcpnaa, ii ee c xoHHOcxbio ao npe- 
oGpasoBaHiiii BpamcHiia ii napajiJicjibHoro nepenoca ycjiOBHM- 
ca CHiixaxb Hccymeii njiocKOCXbio. OcymecxBiiM na 3xoii njio- 
CKOCxii napajiJicjibHbiii nepcHOC ocii x[ xaK, hxoGw nojiynnxb 

paBCHCXBO Xj =xl . 

Saccb II Aajiee b AOKasaxcjibcxBC ciimbojiom x" o6o3Ha- 
Hcna npeoGpasoBaHHaa KoopAHHaxnaa ocb x' , i = \,n, a pa- 

BCHCXBa nOHIIMaiOXCa C XOJIbKO HXO OXMCHCHHOil XOHHOCXbK). 

ycjiOBHC HCCOBnaAacMOCxii oceii Xj ii x[ oGccncHiiBaexca npH 
J11060M HCHyjiCBOM napajiJicjibHOM nepcHOce. 

SaxcM, KOopAHHaxHyio ocb x'2 CHanajia, nyxcM BpamcHiia 

Ha HJIOCKOCXH Mj2 , HpHBCACM Ha OCBoGoAHBUICCCa MCCXO OCH 

x[ , a HoxoM ocymecxBHM xaKoii HapajijicjibHbiii HcpcHoc 3xoh 
OCH, Hxo6bi y Hac HOJiyHHjiocb paBcncxBO X2 = X2 . 

Ilocjie BbiHOJiHCHHa 3XHX HpcoGpasoBaHHH B HauicM pac- 
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nopaaceHHH OKaswBaiOTca ABa ocBoGoAHBuiHxca Mecxa, sana- 
Tbie AO npHMCHCHHa npeoGpasoBaHHH nepBWMH AByMa ko- 

OpAHHaXHblMH OCaMH HCXOAHOH npaMOyrOJIbHOH ACKapTOBOH 

KoopAHHaxHOH CHCxeMbi x[ npocxpaHCTBa i?„ . 

^ByMa BpameHHaMH, nooHepcAHO BbinojiHaeMbiMH na njio- 

CKOCXaX M23 , Mj2 , H npHBOA^IUHMH KOOpAHHaXHyK) OCb X3 

Ha ocBoGoAHBuiHeca Mecxa CHanajia och x'2 , a saxeivi och x[ , 
Mbi OAHHM cooxBexcxByioinHM npeoGpasoBaHHeM napan- 
jiejibHoro nepenoca na Hecymeii njiocKOCXH AoGbCMca coBna- 
ACHHa ocefi: X3 = X3 . 

IIpoAOJiacaa no HHAyKiiHH, mm npHxoAHM K paBencxBaM 
Xj = x" (npH 3X0M KaacAaa KOopAHHaxnaa ocb x' AeKapxoBOH 

KOopAHHaxHOH CHCxcMbi H3 npocxpaHCXBa i?„ noABepraexca 

z'-l pas BpameHHaM h oahh pas napanjiejibHOMy nepenocy, 
xaK Hxo, oGinee hhcjio npeoGpasoBanHH 6yAex paBHbiM 
«(« + l)/2). 

Bbime, npH BbinojiHCHHH BpamenHH h nepenocoB mw ne 
HMejiH ACJio c aBjieHHeM cjiHnaHHa npeoGpasyeMwx Koop- 
AHHaxHbix oceH. CjieAOBaxejibHO, xpeGoBanHe BsaHMHOOA- 
HOSHaHHoro cooxBexcxBHa Moacex napymnxbca pasBe hxo npn 
oxoGpaaceHHH HanajibHOH xohkh. 

OAHaKO B sanHCH O'(0,0,...,0) - Hanajia KOopAHnax n - 
McpHOH AeKapxoBOH KOopAHHaxHOH CHCxeMbi, Hyjib HS / - xoro 
Mecxa, B ACHCxBHxejibHocxH HMcex oxHomeHHe xojibKO k 
HanajibHOH xohkc KOopAHnaxHOH och x' , /' = !,«. HoaxoMy h 

CHHxaexca, hxo KOopAHHaxnaa sanncb Hanajia KOopAHnax n - 
MepHOH ACKapxoBOH KoopAHHaxHOH CHCxcMbi, npcACxaBjiaex 
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coGoK) ynopaAOHCHHoe oGtCAHHeHHe KoopAHHax HanajibHbix 

TOHCK KOOpAHHaXHblX OCeH x' . T.C. OAHOMepHbie TOHKH oGtc- 

AHHaKDTca (b ynopaAoneHHOM nopaAKc) h oGpasyrox OAHy 
MHoroMepHyio xoHKy. B npoxHBHOM cjiynae, HanajibHaa xoHKa 
B i?„ GesycjiOBHO Gbijia 6bi OAHOMepnoH xohkoh. 

IIpH xaKOH ecxecxBeHHOH HHxepnpexaiiHH Hanajia koopah- 
Hax O'(0,0,...,0), cxaHOBHXbca acHbiM, Hxo npH onHcaHHbix bm- 
me KOHrpysHXHbix npeoGpasoBaHHax xpe6oBaHHe BsaHMHOOA- 
HOSHaHHOCXH djiH KOopduHam moneK coxpaHHxca h npn 
oxoGpaaccHHax HanajibHbix xoneK KOopAHHaxHbix ocen. 

KajKAoe H3 Hcnojib30BaHHbix Bbime oGpaxHMbix h nenpe- 
pbiBHbix B o5e cxopoHbi npeoGpasoBaHHH onHCbiBaexca o6biH- 
HbiMH (JDopMyjiaMH BpaineHHa H napajiJiejibHoro nepenoca na 
AByMepHbix njiocKOCxax (cm. npHMenaHHe 2). 3xo cosAaex 
oneBHAHyK) BOSMoacHOCXb a-h^ nocxpoeHHa (b aBHOM BH^e) 
KOMnosHiiHH onHcaHHbix npeoGpasoBaHHH A-na xoneK KaacAoii 
OCH x' , i = l,n . 

Tax Hxo ynoManyxbiH Bbime «AeM0Hxa5K» ocefi achcxbh- 
xejibHO M05KH0 ocyinecxBHXb BsaHMHOOAHOSHaHHbiM H Henpc- 
pbiBHbiM B o6e cxopoHbi oxoGpaaceHHeM, x.e. roMeoMop4)H3- 
MOM, ACHCXByioinHM Ha MHoacccxBC KOopAHHax xoneK coox- 
BCxcxByKDinHx npcoGpasyeMbix KOopAHHaxHbix ocefi. 

JleMMa AOKasana. 

npHMCHaHHe 2: 

B /lOKasaxejibCTBe jicMMbi 1.3.1 HenpeptiBHOCTb «b o6e CTopoHbi» 
iipeo6pa30BaHJw, khk o6bHHO, noHHMaexca b tom CMbicjie, hto MajibiM h3- 
MeHeHJWM iipoo6pa30B cooxBexcxByioT Majibie HSMCHeHJui o6pa30B iipeo6- 
pasoBaHHH H o6paTHO. 

Cxporoe onpeAeneHHe HenpepbiBHOCXH npeAnojiaraex BBeAeHJui xonojio- 
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THH. Ho, xpaziHiiHOHHO BBOAHMaa B MCxpiPiecKOM npocxpaHCTBC R„ (JjyH- 
/laMeHxajibHaa CHCxcMa OKpecTHOCxeii h3 « - MepHbix OTKpbrrbix mapoB, 

ACJiaeX OHCBHTIHblM, BH/I (J)yimaMeHTajIbHOH CHCXCMbl OKpecTHOcxeii H Ha 

KOopAHHaxHbix ocax: Ka>K/iOMy n - MepnoMy mapy oxBeHaex Ha6op h3 n 
npoeKijHH mapa Ha KOopAHHaxHbie och, aBjiaioiHHMHca o6biHHbiMH 
HHxepBajiaMH. B CHjiy paBCHCXB x, =x" , i = l,n, o6pa3aMH 3xhx hh- 
xepBajiOB aBjiaioxca HHxepBajibi na cooxBCxcxByioiHHx KOopAHHaxHbix 
ocax cxaijHOHapHOH KOopAHHaxHoii CHCxeMbi. Tax hxo onHcaHHbie b 
jieMMe npeo6pa30BaHHH KOHCxpyKXHBHbiM o6pa30M ycxaHaBjiHBaiox xo- 
nojiorHK) Ha MH05KecxBe, cocxoanjeM h3 xohck n napajiJiejibHbix 
npaMbix jiHHHH Ha Hecymeii hjiockocxh. 

B Hxore, Hcnojib30BaHHoe b jiCMMe noHaxne nenpepbiBHOCXH npe- 
o5pa30BaHHH nojiynaex cxporoe o6ocHOBaHHe. 

C npaKXHHecKOH xohkh 3peHHa pojib nonaxHa roMeoMop(J)H3Ma b 
3aAaHax cjie5KeHHa onpeAenaexca xcm, hxo 6jiaroAap>i roMeoMop(J)HOMy 
oxo6pa5KeHHK) npH Majibix H3MeHeHHax noKa3aHHH /laxHHKOB (npo6- 
pa30B oxo6pa5KeHHa) HCKjiioHaioxca CKaHKOo6pa3Hbie H3MeHeHHa 
Mecxonoji05KeHHH cooxBCxcxByioniHx xohck - o6pa30B oxo6pa- 
5KeHHa (B3aHMH00AH03HaHHbiM o6pa30M ycxaHaBjiHBaeMbix noKa3a- 

HHaMH 3XHX /jaXHHKOB) B aAanXHBHOH KOOpAHHaXHOH CHCXCMe, npHHeM 

cnpaBeAJiHBO h o6paxHoe yxBep5K;ieHHe. 

B pe3yjibxaxe Ha6jiK)Aaxejib, kohchho, nojiynaex 6ojiee a/ieKBaxHoe 
npcACxaBjieHHe o xapaKxepe H3MeHeHHH noKa3aHHH /laxHHKOB. 

CjiCAyioinee yxBepacAeHHC oGnapyacHBaeT BaacHoe, xoxa h 
HecKOJibKO HeoGbiHHoe na nepBWH BsrjiaA cbohctbo cxaiiHO- 

HapHOH KOOpAHHaXHOH CHCXeMbl. 

TeopcMa 1.3.1. C noMOUfbio cmaifuonapHOU Koopdu- 
HaniHoii cucmeMu na deyMepnoii nnocKOcmu mojkho no- 
cmpoumb n- Mepnoe acpcpUHHoe MHoeoo6pa3ue, cocmoRUfee 
U3 ueKomopou coeoKyrmocmu - epacpoe u eoMeoMopcpnoe 
eeKJiudoeoMy npocmpancmey i?„ . 
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floKasaxejibCTBO ocHOBano na jieMMe 1.3.1 h yxBepjK- 
ACHHH o TOM, HTO pasMepHOCTb npocxpaHCTBa aBjiaexca Tono- 
jiorHHecKHM HHBapHaHTOM, T.e. He MCHaexca npH roMeoMop- 
4)H3Max (3T0T KpynHbiH pesyjibxax HCxopHnecKH cxaji HSBe- 
cxHbiM c 1913-ro roAa, 6jiaroAapa Bpayapy [3]). 

^jiH xoro Hxo6bi AonojiHHxejibHO hc npHMenaxb k Koop- 
AHHaxHbiM ocaM npeoGpasoBaHHa xnna pacxaaceHHa-cacaxHH, 

yCJIOBHMCa, HXO AJIHHbl eAHHHLl HSMepeHH^ BblAejieHHOH AC- 

KapxoBOH KoopAHHaxHOH CHCxeMbi npocxpaHcxBa i?„ H coox- 

BexcxyiomeH efi cxaiiHOHapHOH KoopAHHaxHOH CHCxeMbi oah- 
HaKOBbie. 

B 3X0M cjiynae onncaHHoe b jieMMe roMeoMop4)Hoe oxo6- 
paaccHHe b ajireGpaHHCCKOM CMbicjie ACHCXByex KaK xojkac- 
cxBeHHoe npeoGpasoBaHHe. 

^eHCXBHxejibHO, nycxb npoHSBOJibHO (JDHKcnpoBaHHaa xoh- 

Ka npOHSBOJIbHOH KOOpAHHaXHOH OCH x' , / = 1, « , ACKapXCBOH 

KOopAHHaxHOH CHCxeMbi npocxpaHCXBa i?„ HMeex n- Mepnyio 
KOopAHHaxy BHAa: (O,..., 0, a, 0,..., O), r^e hhcjio a naxoAHxca 
Ha /' - xoM Mecxe, a hhcjio nyjieH paBHO n-l. 

3xa xoHKa npn achcxbhh onHcaHHoro Bbime roMCOMopcJ)- 
Horo oxoGpaaceHHa, b KanecxBC CBoero eAHHCXBeHHoro oGpasa, 
oneBHAHO, 6yAex hmcxb coBOKynnocxb h3 n xohck c oaho- 
MepHbiMH KOopAHHaxaMH Ha cooxBexcxByioinHx ocax cxaiiHO- 

HapHOH KOOpAHHaXHOH CHCXeMbl. 

IIpH 3X0M B CHJiy paBeHCXB X = x" , 7 = 1,« , H 061HHOCXH 

AJiHH eAHHHLi HSMepeHHa, xoHKa, Koxopaa OKaacexca npn ro- 
MeoMop4)HOM oxoGpaaceHHH na och x^ cxaiiHOHapHOH Koop- 

AHHaXHOH CHCXCMbl, GyACX HMCXb KOOpAHHaxy, paBHOH XOH )Ke 
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BejiHHHHC a , a Ha Apyrnx ocax ocxajibHwe n-\ tohck 6yAyT 
HMexb HyjieBbie KoopAHHaxbi. 

CnpaBeAJiHBO h oGpaxHoe cooxBexcTBHe. 

flajiee, xohck KOopAHHaxHbix ocefi x' , /' = !,«, MoacHO 

paccMaxpHBaxb b xanecxBe npoeKiiHH cooxBCxcxByKDinHx 
xoneK npocxpancxBa i?„ , a Meac^y xoHxaMH u n - McpHbiMH 
coBOKynHOCxaMH Hx npocKLiHH, ecxecxBeHHO, Hxo cymecxByex 

BSaHMHOOAHOSHaHHOe COOXBCXCXBHe. 

3x0 COOXBCXCXBHe xpHBHajibHbiM o6pa30M ycxaHaBjiHBaex 

rOMeOMOp4)H3M, nOCKOJIbKy GnHSOCXb AByX XOHCK H3 MCXpH- 

HCCKoro npocxpancxBa i?„ no onpcAencHHio MCxpHKH (sbkjih- 

AOBOh) paBHOCHJIbHO 6jIH30CXH HX HpOCKLlHH H oGpaXHO. 

KOMHOSHIIHa 3XOrO TOMCOMOpCJ^HSMa C HpCAblAyiUHM rO- 
MeOMOp4)H3MOM H3 JICMMbl 1.3.1, OHpCAejiaCX HOBblH TOMCO- 

Mop4)H3M. Oh ycxanaBUHBaex roMCOMopcj^Hoe oxoGpaaccHHC 
npocxpancxBa i?„ na HCKOxopoe MHoacecxBO, cocxoainee hs 

coBOKynnocxcH n xohck hs npocxpancxBa i?2 • KaacAwn ns 
3XHX xoHCK npnnaAJieacnx xojibKO n xojibKO OAnoMy ns n 
napajijiejibnbix jinnnn, na Koxopwx coGcxBcnno n pacnojio- 
acenbi ocn cxaiinonapnon KOopAnnaxnon cncxcMw. 

Ilpn ACHCXBnn 3xoro roMeoMop4)n3Ma xaacAaa xonxa npo- 
cxpancxBa i?„ , nMCKDinaa ACKapxoBbie KOopAnnaxw: 

(«i.«2.-.««) 
nepcHACx B xoHKn c OAnoMcpnbiMn KOopAnnaxaivin a, na co- 

oxBCxcxByioiunx ocax x^ cxaiinonapnon KOopAnnaxnon cncxe- 
Mbl, /' = 1, « . 

CnpaBCAJinBO n o6paxnoe yxBcpacAcnne. 
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HxaK, Mbi ycxaHOBHjiH roMeoMopcJDHoe oxoGpaaceHHC npo- 
cxpaHCTBa i?„ Ha HeKOxopoe MHoacecxBO coBOKynnocxeH h3 n 
xoHCK B npocxpaHCXBe i?2 • KajKAyK) coBOKynnocxb h3 xaKHx 
n xoneK MoacHO paccMaxpHBaxb b xanecxBe n BepuiHH Hexo- 
xoporo - rpa4)a na njiocKOCXH {nyjib epacp, no xepMH- 
HOJiorHH xeopHH rpa4)0B, 3xo rpacj), ne HMeioinHH peGep). 

^ajiee, yxBepacACHHe o xom, hxo pasMepnocxb npocxpan- 
cxBa - xonojiorHHecKHH HKBapHanx osHanaex, hxo pasMep- 
Hocxb npH roMeoMop4)H3Max ne Menaexca. Oxxy^a, mm sa- 
KjiKDHaeM, Hxo onHcaHHbiH Bbime roMeoMop4)H3M onpeACJiaex 
Ha nocxpoeHHOM HaMH MHoacecxBC - rpacj^OB cxpyxxypy n - 
McpHoro MHorooGpasHa. 3xo MHorooGpasHC oGosHanHM chm- 

BOJIOM Qq . 

MnorooGpasHe Qq , ohcbhaho, HMeex OAHy xpHBHanbHyio 

Kapxy, coBnaAaioinyK) c caMHM npocxpancxBOM i?„ . 

KaK HSBecxHO, acj^cJDHHHaa cxpyxxypa, MexpHxa h cooxbcx- 
cxByiomaa MexpHHecKaa xonojiorHa npocxpancxBa i?„ jierKO 

onHCbiBaioxca KOopAHHaxHWM cnocoGoM (hjih, KaK HHorAa 
roBopax, Hx onpeAejiaKDx na «a3biKe» KOopAHnax). Bojiee xoro, 
B cjiynaax, Kor^a n>3 , KOopAHHaxHbm cnocoG, no cyxn, 
OKasbiBaexca eAHncxBennbiM cnocoGoM, npnMenaeMbiM jxjia 
onncanna reoMexpnn npocxpancxBa i?„ . 

OnncannbiH Bbime roMeoMop4)H3M 6biji onpeACJien c 
noMOinbK) KOopAHHax (ncKOxopbie AonojinnxejibHwe noApo6- 
HOCXH 06 3X0M npHBeACHbi B npHMeHaHHH 4). 

CjieAOBaxejibHO, c noMOinbK) 3xoro roMeoMop4)H3Ma Bnoji- 
ne ecxecxBennbiM n oneBHAHbiM oGpasoM Moacno nepenecxn 
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Ha MHorooGpasHe - rpacj^OB Qq acj^cJDHHHyK) cxpyKxypy, 
MCxpHKy H cooTBCTCTByioinyio TonojiorHK) 3BKjiHAOBoro npo- 
cxpaHCTBa i?„ . 

IIpH 3T0M OKasbiBaexca KoppcKTHbiM ynoTpeGjieHHC a-h^ 
coBOKynHOCTH BepuiHH - rpa4)a c KOopAHHaxaMH a, , /' = !,«, 

B cxaiiHOHapHOH KoopAHHaxHOH CHCxeMC, oGosHaneHHa BHAa: 

{a^,a^,...,aX- 

Saccb nocjieAHHH (cnpaBa) hh5khhh hhackc yKaswBaex na 
xo, Hxo rpacj) reoMCxpHHecKH pacnojioaceH na AByMepHOH ne- 
cymeH njiocKOCXH. 

Tenepb, nocxpoeHHoe Bbime roMeoMop4)Hoe oxoGpaace- 

HHe CHMBOJiaMH M05KH0 H3o6pa3HXb B BHAC! 

(aj, a^, ... , a„) < ^^^ > (a^, a^, ... ,a„\, (1.3.1) 

TAe {a^,a^,...,a„)GR„, (a^, a^, ... , aj^ g ^o ^^• 
TeopcMa AOKasana. 

^eficxBya no cjiCAyioineMy o6ineMy npaBHjiy, kx/kj^omj 
Hyjib-rpa4)y (aj, a2, ... , a^ e Oq mo5kho BsaHMHOOAHOSHan- 

HbiM oGpasoM conocxaBHXb oahh OAHOCBasHbiH rpacj) na 
HecymcH njiocKOCXH. 

OGinee npaBHjio: djin Jiwdoeo - epacpa U3 mhoso- 
odpasuH Qq coeduHunih odnuM u mojibKO odnuM neopuen- 

mupoeauHbiM pedpoM KajKdbie dee ezo eepuiunu, pacnono- 
jiceHHbie Ha djiuotcaumux cocednux ocnx cmatjuoHapHoii 
KOopduHaniHoii cucmeMu. 
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Hnace, mw GyACM oxHOCHXbca k o6ineMy npaBHjiy xax k 
HeHSMeHHOMy, pas naBcerAa ycxaHOBjieHHOMy npaBHjiy. B 
pesyjibxaxe npHMeneHHa oGinero npaBHjia ko BceM 3jieMeH- 
xaM MHorooGpasHa Qq , mm nojiyHHM na Hecyinefi njiocKOCXH 

HeKOXOpOe MHOaceCXBO OAHOCBaSHblX H HeOpHeHXHpOBaHHblX 

n - BepuiHHHbix rpa4)0B. OGosHanHM 3xo MHoacecxBO chm- 
BOJiOM /3j . MeacAy MHorooGpasHeM Qq h MHOJKecxBOM /3j 

cymecxByex BsaHMHOOAHOsnaHHoe cooxBcxcxBHe, saAaHHoe 
ACHCXBHeM o6inero npaBHjia. 

BaacHO noAHepxHyxb, hxo pe6pa rpacj^OB hs MHoacecxBa 
fli , BOoGme roBopa, ne HMerox npaMoro oxHomcHHa k Koop- 

AHHaXHO-HSMCpHXejIbHblM (JDyHKIIHaM CXailHOHapHOH KOOpAH- 

HaxHOH CHCxeMbi, x.e. b 3xoh CHCxeMC oxcnexa HHKaK neBOS- 
M05KH0 onpeACJiHXb KOopAHHaxbi xoneK, hc npHHaAJieacainHx 
KoopAHHaxHbiM ocaM. HocjieAHee oGcxoaxenbcxBO, Hapa^y c 
BaacHbiM cooxHomeHHeM (1.3.1), nosBOJiarox HaM saKjiiOHHXb, 
Hxo paccMaxpHBaeMaa cxaiiHOHapHaa KoopAHHaxnaa CHCxeMa 
aBjiaexca n - MepnoH HSMepHxenbHOH chcxcmoh. 

TaKHM oGpaSOM, B CXailHOHapHOH KOOpAHHaXHOH CHCXCMC 

HCJibsa onpeACJiaxb KOopAHHaxbi xoneK peGep, ne aBjiaioinHxca 
BepuiHHaMH rpa4)a. fljia onpeAeneHHa KOopAHnax xoneK pe6ep 

rpaCJDOB, HCCOMHeHHO, M05KH0 6e3 BCaKHX OCJIOaCHCHHH npH- 

Gernyxb k noMOinH KaKOH-jiH6o ApyroH, AonojiHHxejibHOH 
AByMepHOH AeKapxoBOH KoopAHHaxHOH CHCxeMbi Ha Hecymeii 
njiocKOCXH (hcm Mbi nosace BOcnojibsycMca). 

OxoGpaaceHHC (1.3.1) ycxanaBUHBaex roMeoMop4)H3M 
cxporo MeacAy cbkhhaobom npocxpancxBOM i?„ h mhofooG- 

pasHeM Dq . Pe6pa ace, AoGaBjiaeMbie corjiacHO oGineiviy npa- 
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BHjiy AJi^ coeAHHeHHa BepuiHH Hyjib rpacJDOB, necMOxpa na to, 

HTO OHH OnpeACJiaiOTCa BSaHMHOOAHOSHaHHbIM oGpaSOM 3TH- 
MH BepUIHHaMH, He HMeKDT npaMOFO OTHOmeHHa K rOMCO- 
MOp4)H3My (1.3.1). 

Hnane roBopa, npaBaa cxopona oxoGpaaceHHa (1.3.1) hc 
BKjiioHaeT B ce6e KoopAHHaxbi KaKHx-jiH6o xoneK (h b 
nacTHOCTH, He KOHijeBbix TOHCK pe6ep rpacj^OB) na HecymeH 
njiocKOCTH, He npHHaAJieacainHx KOopAHHaxHbiM ocaM cxaiiHO- 

HapnOH KOOpAHHaXHOH CHCXeMbl. 

HxaK, nacxb HecymeH hjiockocxh, ne coAcpacamaa xoneK 

KOOpAHHaXHblX OCeH CXailHOHapHOH KOOpAHHaXHOH CHCXeMbI, 

He HMeex HHKaKoro oxHomenHa k MHorooGpasHio Qq . 

OAHaKO, 3X0 BOBce He osnanaex, hxo mm ne CMoaceM 
BOcnojibsoBaxbca npeHMymecxBOM pacnojioaceHHa KOopAH- 
naxHbix oceH cxaiiHOHapHOH KoopAHnaxHOH CHCxeMbi na ABy- 
MepnoH njiocKOCXH. 

^eHCXBHxejibHO, corjiacHO o6ineMy npaBHjiy KaacAWH 
rpacj) H3 MHoacecxBa Q^ , BsaHMHOOAHOSHanHbiM oGpasoM 

onpeACJiaexca KOopAHHaxaMH a, , /' = 1,«, cbohx BepuiHH. 

CjieAOBaxejibHO, npHHaAJieacainne MHorooGpasHK) Qq 
KOopAHHaxbi BepuiHH rpacJDa Bnojine mojkho npHHaxb b 
KanecxBe KOopAHnax caMoro rpa4)a, npHnaAJieacameMy mho- 
acecxBy /3j . 

Ho onpeAejieHHK), oGmee npaBHjio KOHCxpyKXHBHWM 
oGpasoM ycxanaBUHBaex xaxoe BsaHMHOOAHOsnaHHoe oxoGpa- 
aceHHe MeacAy 3JieMeHxaMH MHorooGpasna Qq h MHoacecxBa 

Qi , npH KoxopoM KoopAHHaxbi oGpasoB h npooGpasoB 
oxoGpaaceHHa OKaswBaioxca xoacACCxBeHHO OAHHaKOBbiMH. 
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Cxajio 6biTb, xenepb oahhm oGiuhm oGosHaneHHeM: 

Mbi MOJKCM onHcaxb He TOJibKO KOopAHHaxbi jiK)6oro - rpacJDa 
H3 MHorooGpasHa /3q, ho h KOopAHHaxbi cooTBexcxByioinero 
eMy npH BsaHMHOOAHOsnaHHOM oxoGpaacenHH rpacJDa h3 mho- 
jKCCXBa /3j . 

HpHSHaK 061HHOCXH KOopAHHax nosBOJiaex HaM xoacAe- 
cxBeHHbiM oGpasoM nepenecxH na MHoacecxBO Q^ a4)4)HHHyK) 
cxpyKxypy, MCxpHxy h cooxBCxcxByioinyio xonojiorHK) mhoto- 
oGpasHa /3q . 3xox ace npHSHax AOCxaxoneH, a-h^ xoro hxoGw 

M05KH0 Gbijio yxBcpacAaxb, hxo MHoacecxBO /3j aBjiaexca n - 
MepHbiM MHorooGpasHeM, HMeroinHM OAHy xapxy, 
xoacAecxBCHHO coBnaAaioinyio c npocxpancxBOM i?„ . 

C ynexoM BbimecKasaHHoro, anajior roMeoMop4)Horo 
oxoGpaaceHHa (1.3.1) a-h^ paccMaxpHBacMoro cjiynaa MoacHO 
H306pa3HXb B BHAe: 

TAC (aj.aj,... ,ajGR„, {ai,a2, ... ,a„\ eilj. 

HxaK, Mbi AOKasajiH cjiCAyioinee yxBepacAeHHC. 

TeopeMa 1.3.2. C noMOUfbio cmaifuoHapnou Koopdu- 
HaniHoii cucmeMbi na oduHHOU deyMepnoii nnocKOcmu mom:ho 
nocmpoumb n - Mepnoe acpcpunnoe MHoeoodpasue, cocmonufee 
U3 odnoceMSHbix epacpoe u zomeoMopcpHoe eemiudoeoMy npo- 
cmpancmey i?„ . 

3xa xeopeMa oGnapyacHBaex BaacHoe, xoxa h necKOJibKO 
HeoGbiHHoe na nepBWH BsrjiaA cbohcxbo cxaiiHOHapHOH Koop- 
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AHHaXHOH CHCTCMbl, nOCKOJIbKy MHOrOe H3 TOrO, HTO Bbime 

onHCbiBaexca b cb^sh c MHoroMepHOCXbK), HMeex Mecxo na 

oGblHHOH AByMepHOH njIOCKOCXH. 

Pe6pa rpa4)0B onpeAejiaroxca KoopAHHaxaMH cbohx Bep- 
uiHH, H Ha ocHOBe npHMeneHUH oGinero npaBHjia, ohh pac- 

CHHXaHbl XOJIbKO H XOJIbKO Ji,Jl5i COSAaHHa IjejIOCXHblX OAHO- 

CBasHbix cxpyKxyp na njiocKOCXH. Tenepb, ohcbhaho, hxo npn 
HCXOAHOM npeAnojioaceHHH 06 OAHHaKOBOCXH xeneHHa Bpe- 
MeHH Ha Bcex KOopAHHaxHwx ocax t^ , /' = !,«, aAanxHBHaa 
KoopAHHaxHaa CHCxeMa 6yAex « + 1 - MepnoH. 

OnpeACJieHHe 1.3.2. Koopdunambi {a^, a2, ... ,a^\ eep- 
muH - epacpa U3 MHoeoodpasun Qq, ujiu coomeem- 
cmeyioufeeo ejuy, cosjiacno odufeMy npaeujiy, epacpa U3 
MH020o6pa3UH /3j , dydcM Hasueamh cmatjuoHapHUMU 
KOopdunamaMU 3mux zpacpoe. 

IIpHMeHaHHH: 

3. /],0Ka3aTejibCTB0 cooxHomeHHa (1.3.2) mo5kho npoBCCXH no hhoh 
cxcMC. A HMCHHO, nocjic (J)opMajibHoro nocxpocHHa cxaiiHOHapHOH 
KOopAHHaxHOH CHCxcMbi H BBeACHHa o6inero npaBHxa, mo5kho hcxo- 
/IHXb H3 oneBH/iHOCXH xoFO, Hxo cooxHoniCHHe (1.3.2) aBxaexca BsanM- 

H00AH03HaHHbIM COOXBCXCXBHCM. SaXCM CXCAyeX /JOKaSaXb, HXO 3X0 

cooxBexcxBHe onpe/iexaex roMeoMop(J)H3M. OjxHUVJd, ocHOBbiBaacb na 
co6cxBeHHOM onbixe, Mory yxBep5Knaxb, hxo npn 6oxee KpaxKHx h hc- 
CKOXbKO (J)opMaxbHbix noAxo^ax ncnxoxorHnecKH OKasbiBaexca xpy/i- 
HbiM Ha^oxro H Bcepbes noBcpnxb b npaBHXbHOCXb oxo6pa5KeHHa 
(1.3.2). IlocKOXbKy, o6pa3HO roBopa, BbiaBxaexca cxe^yioiHaa AOBOXbHO 
HHxepecHaa CHxyaiina: - Hecymaa nxocKOCXb /iByMepna, o^HaKO hmcio- 
meroca b hch «Mecxa» Bnoxne AOCxaxoHHO Axa oOpasoBanna h3 nacxn 
ee H, caMoe rxaBHoe, b Heft 5Ke, MHoroMepnbix cxpyKxyp. 

B Hxore, oxoOpaacenne (1.3.2), o6ecneHHBaa h30mop(J)h3m h h30- 



54 r.naea I. TlepeaH adanmueHan KOopduHamnaH cucmeMa 

MexpHK), nosBOJiaex KOopAHHaxHbiM cnoco6oM h roMeoMop(J)HbiM 06- 
pasoM «cnpoeiiHpoBaTb» a(})(})HHHyK) cxpyKxypy n - Mepnoro npo- 
cxpancxBa R„ =Ri xR^x ...xR^ b n - Mepnyio a(J)(J)HHHyK) cxpyKxypy 
MHoroo6pa3HH /2j , aneMenxbi Koxoporo - OAHOCBHSHbie rpa(J)bi h pac- 
nojiaraioxca b /iByMepnoM npocxpancxBe R2 =Ri xR^, x.e. aBjiaioxca 
06'beKxaMH xeopHH njiocKHx rpa(|)OB. 

Bbi6op He OHCHb KpaxKoro nyxH, /ijia npoBeAeHHH ;iOKa3axejibcxB, 
He cjiynaeH. J\ji^ xoro Hxo6bi HCKjiiOHHXb naMCKa jiayKS na MajieiiniHe 
coMHeHHa, Mbi nocxapajiHCb, hxo npHBeAennbie Bbime AOKasaxejibcxBa 
6bijiH KaK M05KH0 6ojiee KOHCxpyKXHBHbiMH H reoMCxpHHecKH Harjia/i- 

HblMH. 

4. CxaiiHOHapHaa (hjih a^anxKBHaa) KOopAHHaxnaa CHCxeMa, boo6- 
me roBopa, hc 6bijia sa^yMaHa jiiin H3o6pa5KeHHH BeKxopoB h3 npo- 
cxpaHCXBa R„ . Tcm hc Menee, ocMbicjiCHHe cyxH bosmojkhmx HSMene- 
HHH a(J)(J)HHHoro penepa npocxpaHCXBa R„ , npn ashcxbhh roMeoMop- 

(})H3Ma (1.3.2), npcACxaBjiaexca nojiesHbiM. 

Mo5Kex noKasaxbca, hxo npn roMeoMop(J)HOM oxo6pa5KeHHH bcrxo- 
pbi penepa, xepaa o6inee Hanajio, aojijkhm 6bijiH 6bi xpaHC(|)opMHpo- 
Baxbca B napajiJiejibHbie BeKxopbi cxaiiHonapHOH KOopAHHaxHoii ch- 
cxeMbi. ripn 3X0M cpa3y 5Ke BOSHHKHex cjie/iyioiHHH napa/iOKC. 

C OAHOH cxopoHbi, napajijiejibHocxb BeKxopoB cxaiiHonapHOH Koop- 
/iHHaxHOH CHCxeMbi He M05Kex osHanaxb, hxo ohh KOJijiHHeapHbie, x.e. 
jiHHeHHO saBHCHMbi. 3x0, SBHO npoxHBopeHHjio 6bi, CBOHCXBy xono- 
jiorHHecKOH HHBapHaHXHOCXH oxo6pa5KeHHa (1.3.2). Ho, c Apyroii cxo- 
poHbi, KOJiJiHHeapHOCXb BeKxopoB, KaK pa3 no onpeAejiennio osnanaex, 
Hxo BeKxopbi pacnojiaraioxca na napajijiejibnbix npaMbix jinnnax. 3xo 
xpe6yex pasiacnenna. J\ejio b xom, xo BajKnaa cneiiH(|)HKa paccMaxpn- 
BaeMoro MHorooOpasna rpa(J)OB saKjiiOHaexca b xom, hxo s^ecb o^no- 
CBasHbie rpa(J)bi onpe/iejiaioxca n onncbiBaioxca ncKjuoHnxejibno Koop- 
/IHnaxHbiM cnoco6oM. 3xox cnoco6, b cnjiy oxoOpajKenna (1.3.2), c 
xoHHOCXbK) AO roMeoMop(J)H3Ma coBna/iaex c cynjecxByioniHM Koop^n- 
naxHbiM cnoco6oM, npnMenaeMbiM /ijia onncanna a(J)(J)HHHOH reoMexpnn 
npocxpancxBa R„ , x.e. onncanna reoMexpnn 6e3 ynoxpeGnenna BeK- 
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TopoB. /],ajiee, aneMeHxaMH MHoroo6pa3Ha I2j , ecxecxBeHHO, aBjiaiOTca 

TOJibKO rpa(J)bi H no3TOMy corjiacHO roMeoMop(J)H3My (1.3.2) h onpe/ie- 
jieHHK) BCKTopa, B reoMCxpHH MHoroo6pa3Ha rpa(J)OB vsoKjxbm bcktop 
npocxpaHCTBa R„ mo5kho H3o6pa5KaTb b bh/ic AByx rpa(J)OB h to b cjiy- 
Hae, ecjiH npn 3tom mbi orpaHHHHMca H3o6pa5KeHHaM o6pa30B KpanHHx 
TOHCK BCKTopa. 3th rpa(|)bi, cooxBexcxByiOT HanajibHOMy h KOHCHHOMy 

nOJI05KeHHIO BCKTOpa B npOCXpaHCTBC R„ , H OHCBH/IHO, He MOryX CHH- 

xaxbca paBHonpaBHbiMH, hxo CBa3aH0 c HajiHHHeivi y BeKxopa Hanpa- 
BjiCHHa. AHajiorHHHO npH /ichcxbhh roMeoMop(J)H3Ma (1.3.2), KpanHne 
xoHKH Ka5KHoro BCKxopa a(})(J)HHHoro penepa KOopAHnaxHOH CHCxcMbi 
npocxpaHCXBa R„ 6yAyx HMCXb b KanecxBC cbohx o6pa30B ^Ba 

HepaBHonpaBHbix 0AH0CBa3Hbix rpa(|)a b MHoroo6pa3HH /2j . 

IlapaAOKC noKa3biBaex, hxo cxaiiHonapHaa KOopAHHaxnaa CHCxeMa 
He npHcnoco6jieHa njin H3o6pa5KeHHa BCRxopoB h3 npocxpancxBa R„ b 
BH/ie HanpaBjieHHbix oxpe3KOB (o6inenpHHaxbix jijin OHepHHBaHHa bck- 
xopoB). Ha/io CKa3axb, hxo aHajiorHHHbiii napa^OKC AJia caMHx Koop- 
/iHHaxHbix occH cxaijHOHapHOH KoopAHHaxHOH CHCxeMbi 6biji HaMH pa3- 
pemeH b /iOKa3axejibcxBe jiCMMbi 1.3.1, nyxen: 

1) 5KecxKoro h reoMexpHnecKH narjia/iHoro CBH3biBaHHH KajK^OH 

KOOpAHHaXHOH OCH C OAHHM H XOJIbKO C OAHHM H3MepeHHeM npOCXpaH- 

cxBa R„ ; 

2) «HCKjiK)HeHHa» H3 paccMOxpeHHa xoH nacxH npocxpancxBa R2 , 
Koxopaa HBjiaexca /lonojiHCHHeM k MH05KecxBy Bcex xohck, pacnojio- 

aceHHblX Ha OCaX CXaiJHOHapHOH KOOpAHHaXHOH CHCXCMbl. 

TaKHM o6pa30M, b /leiicxBHxejibHOCXH nacxb npocxpancxBa R2 , ne 
npHHaAJieacamaa k KOopAHnaxHbiM ocaM, ne hmccx HHKaKoro oxHome- 
HHa HC XOJIbKO K KOopAHHaxHO-H3MepHxejibHbiM (JjyHKijHaM cxaijHOHap- 
Hoii KoopAHHaxHOH CHCXCMbl, HO H Boo6me K MHoroo6pa3Hio Qq . 

IlepexoA K MHoroo6pa3Hio I2j nan 6biji nyjKCH xojibKO h xojibKO b 
ijejiax /locxHJKCHHa narjia/iHOCXH, h 0Ka3ajica B03M05KHbiM GnaroAapa 
xoMy, Hxo cxaijHOHapHbie KOop^HHaxbi 0AH0CBa3Hbix rpa(})OB h cooxbcx- 

CXByiOIHHX HM Hyjib - rpa(})OB XOJKZICCXBCHHO OAHHaKOBbl. 
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ripH nepexo^e k MHoroo6pa3HK) Qq , BMcmaioiHee 3to MHoroo6pa- 
3He AByMepnaa njiocKOCXb (|)aKTHHecKH xepaex cbohctbo oahopoaho- 

CTH (hJIH B COOTBeXCTBHH C (J)H3HHeCK0H aHajIOrHCH - CBOHCTBO 6bITb 

cnjioniHOH njiocKOH cpe^OH), h bmccto tohck njiocKOCXH, mbi hmccm 

ACJIO C TOHKaMH KOOpAHHaXHblX OCCH CTaiJHOHapHOH KOOpAHHaXHOH CH- 
CTCMbl. 3HaHHT, HC TOJIbKO 06bIHHbie /JByMCpHblC BCKTOpbl Ha HJIO- 
CKOCTH, HO H BCeB03M05KHbie OHCpaiJHH, BblHOJIHaCMblC Ha/I HHMH, HC 

Moryx 6biTb OHHcanbi b KOopAHnaxax cxaiiHonapHOH KOopAHHaxHoii ch- 
cxcMbi. 3x0 cnpaBCAJiHBO h /ijia jiK)6oro AByMcpnoro BCKxopa HCcymcH 
njiocKOCXH, ijejiHKOM pacnojioJKCHHoro na HCKOxopoii KOopAHnaxHOH 
ocH cxaijHOHapHOH KoopAHHaxHOH CHCxcMbi. IlocKOJibKy /jjiH xoHCK xa- 
KHx BCKxopoB B 3X0M cjiyHac HeonpeAejiCHHbiMH 6yAyx HX KOOp^HHa- 
xbi, onpcAejiacMbie no bccm ocxajibHbiM KOopAHnaxHbiM ocaM cxaijHO- 

HapnOH KOOpAHHaXHOH CHCXCMbl. B HaCXHOCXH, KJiaCCHHCCKOe noHHxne 
JIHHCHHOH He3aBHCHM0CXH /JJia BCKXOpOB H3 npOCXpaHCXBa i?2 ' BBO^H" 

Moe c noMOiHbK) o6biHHbix a(|)(|)HHHbix onepaijHH, jinmaexca npHBbra- 
Horo CBoero CMbicjia na noAMHOJKCCXBC npocxpancxBa, cocxoamcM 

HCKJIIOHHXejIbHO H3 XOHCK napajIJICJIbHblX JIHHHH, SBJiaiOIHHXCa B CBOK) 
OHCpCAb HOCHXCJiaMH CXaiJHOHapHOH KOOpAHHaXHOH CHCXCMbl. 

5. B oxjiHHHC OX pa3MepH0CXH, nojiHOxa b o6ineM cjiynae hc hb- 
jiHCxca xonojiorHHCCKHM HHBapnaHxoM. 3xo 3HaHHx, Hxo nojiHOxa, 
M05Kex 6bixb, H HC coxpaHHxca npn roMeoMop(J)HOM oxo6pa5KeHHH 
(1.3.2). 

TcM HC MCHce, MoacHO noKa3axb, hxo MHoroo6pa3He I2j o6jiaAaex 
CBOHCXBOM nojiHOXbi. 3x0 o6cxoaxejibcxBO, napa/iy c xeopcMon 1.3.2, 
C03Aaex, no-BH/iHMOMy, HCKOxopbie 6jiaronpHaxHbie ycjiOBna /ijia cbc- 

ACHHH HCKOXOpblX MHOFOMCpHblX SajllLH (b HCpByK) OHCpCAb 3KCXpe- 
MajIbHblx) H3 npOCXpanCXBa R„ K 3KBHBajieHXHbIM MHOrOMCpHblM, HO 

3axo reoMCxpHHCCKH narjia/iHbiM 3aAaHaM na hjiockocxh, npHBOAamne 
Hac K cooxBCxcxByioiHHM 3aAaHaM xopomo pa3BHX0H xeopHH rpa(J)OB. 
Ho-BH/iHMOMy, 3Aecb K Mccxy BcnoMHHXb, HXO xeopna rpa(J)OB b 

CBOK) OHCpCAb HMCeX XCCHblC CBa3H C XaKHMH HayHHblMH /JHCIIHnjIH- 

HaMH KaK KOM6HHaxopHKa, xeopna rpynn, HH(J)opMaxHKa h jip. 
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1.4. nPOBJIEMA TEOMETPHHECKOH 

HAEJIJIAHOCTH B MHOEOMEPHBIX 
3BKJIH/^0BLIX nPOCTPAHCTBAX 

TeopeMa 1.3.2 b onpeACJieHHOM CMbicjie cosAaex ocHOBy 
AJia HauiHx AajibHeHuiHx achctbhh. Ona xecHO CBasana c na- 
CTbK) npcAJiaracMOH reoMexpHHecKOH BepcHH pemeHHa npo6- 
jieMbi rjioGajibHoro HaGjiiOAeHHH. 

B caMOM ACJie, xax xax noxasaHHa oxAejibHbix AaxHHKOB, 
BOo6ine roBopa, ne CBasanbi Meac^y co6oh, xo hx mo5kho chh- 
xaxb HesaBHCHMbiMH. CjieAOBaxejibHO, jiJin xoro hxoGw mo5kho 
Gbijio reoMexpHHecKH HSoGpaacaxb nesaBHCHMbie noxasaHHa « 

AaXHHKOB, C LtejIbK) 06pa30BaHHa H3 HHX eAHHOH reoMcxpH- 

HecKOH cxpyKxypbi, HaM KoneHHO ace nyacHO HMexb HCKOxopoe 
reoMcxpHHecKoe mccxo, BMcmaKDinee n nesaBHCHMbix H3Me- 

PCHHH. 

Tax Mbi npHxoAHM k hcoGxcahmocxh paccMOxpcHHa 3B- 
KjiHAOBoro npocxpancxBa R„ . 

Ho, 3BKJIHA0B0 npocxpancxBO R„ [n > 3) ne pacnojiaraex 

reoMexpHHecKoii HarjiaAHOCXbK) h, cxano 6bixb, ne npHroAHO 
AJiH BeACHHa cjieaceHHH. OAHaxo ycxanoBjieHHoe Bbime roMeo- 
Mop4)Hoe oxoGpaaceHHe (1.3.2) oGnapyacHBaex, hxo cjieaceHHe 
saBeAOMO MoacHO ocymecxBjiaxb na AByMepHOH njiocKOCXH, 
npHHeM 6e3 bc^khx noxepb HHCJDopMaiiHH, CBasaHHOH c noxa- 

SaHHaMH AaXHHKOB. 

JIioGonbixHO oxMexHXb, hxo xeopeMa 1.3.2 BbiaBjiaex 
npocxyK) BepcHK) a-h^ HacxHHHoro h KOCBeHHoro pemeHHa 
oGineH npoGjieMbi, CBasaHHOH c reoMexpHnecKOH HarjiH^HO- 
cxbK) B npocxpancxBax R^ [n>3) . HoKaaceM 3xo. 
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Ha caMOM ACJie, oxoGpaaceHHCM (1.3.2) xaacAOH KOHen- 
HOH TOHKC npocxpaHCTBa i?„ roMeoMop4)HbiM oGpasoM cono- 

cxaBjiaexca OAHOCBasHWH rpacj) b cxaiiHOHapHOH KoopAHHax- 
HOH CHCxcMe (na HecymcH njiocKOCXH). 

^ajiee, npoHSBOJiBHoe ABHaceHHe 3xoh xohkh b eBKjiHAO- 
BOM npocxpaHcxBC i?„ BsaHMHOOAHOSHaHHbiM oGpasoM onpe- 

ACJiaex cooxBexcxByioinee ABHaceHHC rpacj^a na necymeH njio- 
CKOCXH. Bojiee xoro, b CHjiy roMeoMop4)H3Ma (1.3.2), Manwe 

ABHaCCHHa XOHKH B npOCXpaHCXBC i?„ , BblSblBaiOX MajIblC 

ABHaccHHa BepuiHH cooxBexcxByioinero rpacJDa na ocax cxa- 

LlHOHapHOH KOOpAHHaXHOH CHCXCMbl, X.e. COOXBeXCXByiOIUHe 
ABHaCCHHa 3XHX BCpLUHH He 6yAyX CKaHKOoGpaSHblMH. 

B CHjiy HHBapHaHXHOCXH SHaneHMH cxaiiHOHapHbix Koop- 
AHHax oxHOCHxejibHO oxoGpaaceHHa (1.3.2), ^aace MexpHKH 
npocxpaHCXBa i?„ h MHorooGpasna /2j mw MoaceM CHHxaxb 
xojKAecxBCHHbiMH. IIo 3X0H 5Ke npHHHHC acj^cJDHHHaa cxpyKxy- 
pa npocxpaHCXBa i?„ xoacACCXBCHHO HSOMopcJDna acJDCJDHHHOH 

cxpyKxype MHoroo6pa3Ha rpacj^OB. 

HnxepecHO, hxo xpyAHOCXH, B03HHKaK)inHe b cb^sh c 
HSoGpaaccHHaMH rpacJDOB c OHCHb AJiHHHbiMH peGpaMH, B npHH- 
LlHne npeoAOJiHMbi xcmh cpcACXBaMH, KOxopbiMH Mbi nonosace 
BOcnojibsyeMca npn pemcHHH npoGjieMbi rjioGanbHoro na- 

GjIKDACHHa (oXMeXHM, HXO npH npHMCHeHMH 3XHX CpCACXB 

H30MexpH3M noxcpacxca, OAHaKO H30Mop4)H3M McacAy npo- 
cxpancxBOM R^ u MHoroo6pa3HeM rpacJDOB D^ coxpanHxca). 

B Hxore, reoMCxpHHecKaa narjiHAHOCXb AOCXHraexca, ko- 
HCHHO, 3a cnex xoro, hxo necymaa njiocKOCXb AByMepnaa h, 
cxajio 6bixb, flBjiaexca oGtexxoM njiaHHMexpHH. 
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e MHoeoMepHbix ■3eKJiudoebix npocmpaHcmeax 

OAHaKO roBopHTb o nojiHOM pemcHHH npoGjiCMbi, CBaaan- 
HOH c reoMexpHHecKOH HarjiaAHOCXbio b npocxpaHCXBax 
R^\n>3), coBepmeHHO HCAonycxHMO. HocKOJibKy no Mepe 

pocxa KOJiHHecxBa xoneK hs 3BKjiHAOBoro npocxpancxBa i?„, 
OAHOBpeMCHHO H3o5pa)KaeMbix rpacJDaMH, na HecymcH njioc- 
KOCXH Moryx BOSHHKaxb Bce Gojiee cjioacHwe a-h^ spHxenbHoro, 
HjiH Aaace MbicjieHHoro BOcnpnaxHa saxefijiMBbie cnjiexcHHa, 
cocxoainHC H3 nepecexaKDinHxca rpacj^OB, hxo cnocoGcxByex 

HCHCSHOBeHHK) reOMCXpHHeCKOH HarjiaAHOCXH. 

FeoMexpHHecKaa narjiHAHOCXb peanbHO AOCXHraexca b 
cjiynaax OAHOBpeMCHHoro HSoGpaacenHa rpacJDaMH na necy- 
mefi njiocKOCXH jih6o Gojibuioro KOJiHHecxBa xoneK 3bkjih- 
AOBoro npocxpancxBa i?„ , ne HMeroinHx Meac^y coGoh oGiuHe 
KOopAHHaxHbie ajieMCHXbi (a xaxace npn HSoGpaacenHax hx 

ABHaCCHHH, CM. pHC.2), JIhGo 5Ke MajIOrO KOJIHHeCXBa XOHCK c 
npOHSBOJIbHblMH KOOpAHHaxaMH (CM. pHC.3). 

Ha pHC.2 npHBeACHbi HSoGpaacenHa b bhac nenepece- 
KaioinHxca rpacJDOB 11 -xh xohck h3 npocxpancxBa Rq , hmcio- 
iHHx ACKapxcBbie KoopAHnaxbi: 

{d + 7.5, d + 5, d-2.5, d + 3.75, d, d + 2.5, d), 
r^e d = -5,5 . CxaiiHOHapHbie KOopAHnaxbi 3xhx xoneK sann- 
CbiBaioxca B BHAC: 

{d + 1.5, d + 5, d-2.5, d + 3.75, d, d + 2.5, d)2 . 

KajKAbiH HSoGpaaccHHbiH nyHKxnpHbiMH jiHHHaMH rpacj) 
MOJKCx 6bixb nojiyneH ox rpacJDa AO noKOopAHHaxHbiMH cabh- 
raMH Ha cooxBexcxByKDinyio BenHHHHy d . 
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Puc.2. CcMHMepHaa cxaiiHOHapHaa KOopAHHaxHaa CHCxcMa b coot- 

BeXCTBHH C yXBepjK/ieHHeM JICMMbl 1.3.1 COCTOHT H3 «/ieMOHTHpOBaHHbIX» 

KOopAHHaxHbix oceii npaMoyrojiBHOH AeKapxoBoii KOopAHHaxHoii CHCxeMbi 
npocxpancxBa R-j . Bee KOopAHHaxHbie och na pncyHKe hmciox o6inyK) 
eAHHHuy H3MepeHHH c AJiHHOH paBHOH 2.5. PaccxoaHHa Mesiy^y napajuiejib- 
HbiMH KOopAHHaxHbiMH ocaMH, a xaK5Ke Hacxb npocxpaHCXBa R2 , naxoAsi- 
maaca bhc 3xhx oceii, ne hmciox HHKaKoro oxHomcHiia k HSMcpnxcjibHbiM 

(J)yHKIIHHM CXaiJHOHapHOii KOOpAHHaXHOii CHCXCMbl. 
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e MHoeoMepHbix ■3eKJiudoebix npocmpaHcmeax 

H3 pHcyHKa acHO, hto b cjiynae hc nepeceneHHa rpacj^OB, 
oGinee KOJiHHecxBO HsoGpaacaeMwx b cxaiiHOHapHOH koopah- 
HaxHOH CHCxeMe rpacj^OB, hc npHBOA^iUHx k HcnesHOBeHHio 
reoMexpHHCCKOH narjiaAHOCXH, Moacex Gwxb npoHSBOJiBHbiM. 

Ha pHC.3 BHAHO, Hxo xe rpacj^w, cooxBCxcxByioiuHe cxaiiHO- 
HapHbie KoopAHHaxbi Koxopbix oxjiHHaioxca MeacAY coGoii 
xojibKO SHaxaMH, pacnojiaraioxca na Hecyinefi njiocKOCXH chm- 

MCXpHHHO OXHOCHXejIbHO BCpXHRajIbHOH JIHHHH DDq . 

fljIH paSJIHHCHHa rpaCJDOB, HMeKDIUHX oGlUHC BepUIHHbl, 

acejiaxejibHO p^aom c hx HSoGpaaccHHaMH yxasaxb hx cxa- 
LlHOHapHbie KOopAHHaxbi. B npoxHBHOM cjiynae, Moryx 
noaBjiaxbca pasHOHxcHHa, nocKOJibKy xaxHC ace HSoGpaaceHHa 
6yAyx HMexb rpacj^w, HMeroinHC cxaiiHOHapHbie KoopAHHaxbi: 

(5,2.5,2.5,0,-10,-10,0)2 ' (-5,-2.5,-2.5,0,10,10,0)2. 

OAHaKO pasHOHxcHHa ne noaBjiaroxca npn HSoGpaaceHHax 
nepeccKaKDinHxca rpacJDOB P a Q . CpaBHeHHa, npoBeAeHHbie 
c 3XHMH rpa4)aMH noKasbmaiox, hxo yxasaHHoro xnna pasHO- 
HxeHHa Moryx noaBjiaxbca xor^a, KorAa ABa hjih Gojiee rpacj^OB 
HMeKDx xoxa 5bi OAHy oGinyio hc KpaHHKDio BepuiHHy, x.e. 
o6inyK) BepuiHHy, pacHOJioaceHHyK) na oahom h3 npoMe- 
jKyxoHHbix KOopAHHaxHbix ocefi: x2, x3, x4, x5, x6. 

B cxaiiHOHapHOH KOopAHnaxHOH CHCxeMe xpyAHO paccHH- 
xbiBaxb Ha HOJiyneHHe acHbix HSoGpaacennH a-h^ reoMexpHne- 

CKHX (JDHryp H3 MHOrOMCpHblX HpocxpaHCXB. TeM He MCHCe, 
HO-BHAHMOMy, 6bIJI0 6bl HpeaCACBpeMeHHO SaKJIKDHHXb, HXO 

caMa npoGjieMa nojiyneHHa oxnexjiHBbix HSoGpaacennH a-h^ 
reoMCxpHHecKHx (JDnryp h3 MHoroMepnbix 3BKjiHA0Bbix npo- 
cxpancxB nepaspeinHMa (no 3X0My noBOAy cm. npHMenaHHC 6). 
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(12,5,12.5,17.5,14,14,17,0) 




(16, 16, 16, 16, 16, 16, 16) 



Puc.3. KoopAHHaxHbie och ceMHMepHoii cxaiiHOHapHoii Koop- 

/IHHaXHOH CHCTCMbl HMCIOT 06lHyK) eAHHHIjy HSMCpCHHa C /JJIHHOH 

paBHOH 2.5. Ha njiocKOCXH H3o6pa5KeHbi b BH/ie rpa(J)OB nexbipe tohkh 
H3 npocxpancTBa R-j , HMCioiHHe AeKapxoBbie KoopAHHaxbi: 

(5, 2.5, 2.5, 0, 10, 10, 0) , (- 5, - 2.5, - 2.5, 0, - 10, - 10, 0) , 
(l6, 16, 16, 16, 16, 16, 16), (l2.5, 12.5, 17.5, 14, 14, 17, 0) . 



{npodojiowenue mcKcma pucynxa enanane cmp. 63) 
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e .MHoeoMepHbix ■3eKJiudoebix npocmpaHcmeax 

CxaijHOHapHbie KOopAHHaxbi 3thx 5Ke tohck sanncbiBaiOTca cootbct- 
CTBeHHO B BH/ie: 

45, 2.5, 2.5, 0, 10, 10, 0)2 , B{- 5, - 2.5, - 2.5, 0,-10,-10, 0)2 , 

P(l6, 16, 16, 16, 16, 16, 16)2, 2(12.5,12.5,17.5,14,14,17,0)2. 

npHMCHaHHe 6: 

CaMOCToaxejibHbiH HHxepec npeACxaBjiaiOT HCKOxopbie BbixoA^iHHe 
3a paMKH Hameii ochobhoh iicjih bo3mo5khocth, CBasaHHbie c H3o6pa- 
5KeHHaMH TOHCK H3 npocxpaHCTBa MHHKOBCKoro, T.e. HCTbipexMepHoro 
nccB/ioeBKjiH/iOBa npocxpaHCXBa HH/ieKca 1. SxoMy npocxpaHCXBy, jih- 
mcHHOMy reoMexpHHecKOH narjia/iHOCXH BBH/iy ero pa3MepH0CXH, npn- 
HaAJie5KHx Ba5KHaa pojib BMcmaioiHero npocxpancxBa b cneijHajibHOH 
xeopHH oxHOCHxejibHOCXH A.3HHmxeHHa. 

B o6inenpHHaxoH KOopAHHaxHoii CHCxcMe njisi 3xoro npocxpancxBa 
OAHa H3 KoopAHHaxHbix occH HenocpeACXBCHHO CBa3aHa co BpcMeneM 
(xoHHce, npoH3BeAeHHeM bpcmchh na CKopocxb CBCxa). Bo3mo5kho xa- 
Koe «HapymeHHe» oahopoahocxh, xaioKC aBjiaexca oahoh h3 npHHHH, 
npHBOA^nieH k xoMy, hxo cooxBCxcxByioiHaa 4 - Mepnaa cxaiiHOHapnaa 
KOopAHHaxHaa CHCxcMa cxanoBHxca coMHHxejibHO 3(J)(J)eKXHBHbiM cpcA- 
cxBOM jijin H3o6pa5KeHHH xoHCK H3 npocxpaHCXBa MHHKOBCKoro. ripH- 
HCM, HecMOxpa Ha xo, hxo kocbchho reoMCxpHHecKaa narjia/iHOCXb Bce- 
xaKH /locxHraexca. 

HnaHC roBopa, mm cmojkcm, hc napymaa roMeoMop(|)H3Ma, oxnex- 

JIHBO H306pa5KaXb XOHKH 3XOrO npocxpaHCXBa Ha /IByMCpHOH HJIOCKOCXH 

B BH/ie Hcxbipex BepniHHHbix rpa(})OB, o^HaKO, no-BH/iHMOMy, mojkcm 
CKopee yxBep5K/iaxb xo, hxo nojiyneHHaa reoMCxpHHCCKaa Kapxnna ne 
OKasKCxca nojie3HOH c xohkh 3peHHa (J)H3HHecKHx npcACxaBjieHHH. 

C HaACJKZIOH CXHMyjIHpOBaHHa HOHCKOB B 3X0M HanpaBJICHHH OXMC- 
XHM, HXO JiJiH KOCBCHHOrO pCmCHHa npo6jieMbI reOMCXpHHCCKOH Ha- 

rjiH/iHOCXH M05KH0 o6xoAHXbca 6e3 ycjiOBHa napajiJicjibHOCXH KOop^H- 
HaxHbix oceii, Bbi/iejiCHHbix /ijia npocxpaHCXBCHHbix nepeMCHHbix. Ilo- 
CKOJibKy nepexoA b hobmc reoMCxpHHecKHC npocxpaHCXBeHHbie nojio- 

JKCHHa JiJiH 3XHX OCCH B npHHIJHne M05KH0 OCyiHCCXBIiaXb nOCpCACXBOM 

KOHCHHoro HHCJia HcnpepbiBHbix o6paxHMbix npeo6pa30BaHHH nepenoca 
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H BpaiHCHHa. Mo5KHO ocymecTBHTb pa/i /ipyrHx HenpepbiBHbix rpynno- 
Bbix npeo5pa30BaHHH, hc napymaioiHHx roMeoMop(|)H3M xnna (1.3.2) 
(KCxaxH no35Ke, b IV rjiaBC, mm BOcnojibsyeMca 3toh B03M05KHOCTbK) 
jijin 3KBHBajieHTHoro npeACxaBjieHHa KapxHHbi Ha6jiK)AeHHa b iiH(J)ep- 
6jiaTH0H (J)opMe). 

Cji05KH0CTb npo6jieMbi, no-BH/iHMOMy, saKjuoHaexca b tom, hto npn 
pa3pa6oTKe HOBbix BepcHH j^jm KOCBCHHoro pemeHHH npo6jieMbi reo- 
MexpHHecKOH Harjia/iHOCTH b npocxpancTBe MnHKOBCKoro, c oahoh 
CTopoHbi, Heo6xoAHMO no3a6oTHTbca o coxpaHeHHH roMeoMop(|)H3Ma 
THna (1.3.2) h, c Apyron cxopoHbi, ne cjiCAyex, KoneHHO, 3a6biBaTb o 
CHrnaxype axoro npocxpancxBa, oxjiHHHoro ox CHrnaxypbi o6biHHoro 4 
- McpHoro 3BKjiHA0Ba npocxpaHCXBa. 

YHHXbiBaa CBOHCXBa onpeAenaeMOH 3xoh CHrnaxypoH mcxphkh, 
Hy5KH0 nocxapaxbca /io6HXbca xaKoro pacnojioJKCHHa KOopAHnaxHbix 
oceft B xpexMepHOM cbkhh/iobom npocxpaHCXBC, Hxo6bi no /iocxH5KeHHK) 
cooxBexcxByiomeii reoiviexpHHecKOH narjia/iHOCXH, nojiyneHKbie reoMCx- 
pHHecKHe KapxHHbi no B03MoacHOCXH a/ieKBaxHO cooxBexcxBOBann xoxa 
6bi neKOxopbiM peajibHbiM (J)H3HHecKHM npeACxaBjiennaM, BbixeKaioniHM 
H3 cneiinajibHOH xeopnn oxnocnxejibHOCxn. 
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rjiABA II. H^EH ynpomEHH^ 

HABJIIOAEHHH 

B pas^ejie 2. 1 BBe^eHbi npocxwe h, KaK 3to hh y^iHBHxejibHO 
Ha nepBbiH bstjisji,, Bnojine ecxecTBeHHbie fljia reoMexpHHecKOH 
KOHCxpyKLiHH aflanxHBHOH KOop;iHHaxHOH CHCxeMbi noHaxHa njio- 

CKOCXH H nOBepXHOCXH BpeMCHH. 

B pas^ejie 2.2 b npocxpancxBe i?„ ^lonojiHHxejibHO onpe^e- 

jiena euje o^Ha Koop^HHaxHaa CHCxeivia - xpexMepnaH fleKapxoBaa 
KOop^HHaxHaa CHCxeivia, Koxopofi npH^iaexca cxaxyc nenoflBHac- 
Horo npocxpancxBeHHoro opneHXHpa. OxHOCHxejibHO axoro opneH- 
xHpa B ^lajibHeHuieM onpe^ejiHioxca ^leficxBHa pasjiHHHbix npeo6- 
pasoBaHHH, ocymecxBjiaeMbix b aAanxHBHOH KOopAHHaxHofi ch- 
cxeMe. S^ecb >Ke BBO^axca Ba>KHbie nonaxHa onxHMajibHOH Bep- 

XHKajIH H «OHepHHBaeMOH» eiO OnXHIViajIbHOH njIOCKOCXH. 

B pasflejie 2.3 onxHMajibHaji njiocKOCXb, b pesyjibxaxe fleii- 
cxBHH, onpeAejieHHbix 3flecb ace (b KanecxBe npHMepa) (|)opMajib- 
Hbix npeo6pa30BaHHH, Gy^ex co^ep^Kaxb oGpasw Bcex onxHMajib- 
Hbix xoHCK. 3x0 osHanaex, hxo oxHOCHxejibHO ^lonojiKHxejibHoii 
fleKapxoBOH KOopflHHaxHOH CHCxeMbi HHCJieHHbie SHaneHHa npo- 

CXpaHCXBeHHblX KOOpflHHaX 06pa30B BCeX OnXHMajIbHblX XOHCK 

5yflyx oflHHaKOBbiMH. Bojiee xoro, mh yBH^iHM, hxo ^leficxBHaMH 
(|)opMajibHbix npeo6pa30BaHHH jieBbie h npaBbie rpanHHHbie xohkh 
oxo6pa>Kaioxc>i na ^bc njiocKOCXH, napajiJiejibHbie onxHMajibHOH 
njiocKOCXH, H pacnojiTOKeHHbie ox nee no jieByio h npaByio cxo- 
poHy cooxBexcxBeHHO. 

TeM caMbiM, necMOxpa na xo, hxo rpanHHHbie h onxHManbHbie 
(|)yHKLi;HH KaK oGbiHHbie BemecxBeHHbie (|)yHKLi;HH, b npHHiiHne b 
Ka^K^IblH MOMCHX BpeMCHH Mopyx npHHHMaxb caMbie paSJIHHHbie 
SHaHeHHH, nocjie ^leficxBHa (|)opMajibHbix npeo6pa30BaHHH, npo- 
cxpaHCXBeHHbie KOop^HHaxbi o5pa30B 3xhx xohck y;iaexca onncaxb 
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BCerO XpCMfl nOCXOaHHblMH HHCJieHHblMH 3HaHeHHHMH, npHHCM B 

xeneHHe Bcero BpeMCHH naGjiiOAeHHa. 3tot necKOJibKO neoGbiH- 
HbiH H cymecTBeHHO ynponjaiomHH npoijecc cjie>KeHHa (5e3 no- 
xepb HH(|)opMaLi;HH, CBasaHHOH c noKasaHHaMH ^laxHHKOB) pesyjib- 
xax flocxHraexca, c OflHoii cxopoHbi, Gjiaro^apa CBoeo5pa3HOMy 

KOHCXpyKXHBHOMy CXpOeHHK) I a^anXMBHOH KOOpAHHaXHOH CH- 

cxeMbi, a, c ApyroH cxopoHbi, CBasan c ocoGeHHOCxaMH (|)opMajib- 
Hbix npeo6pa30BaHHH. 

O^HaKO nonbixKa ^aTb 5e3ynpeHHyio reoMexpHHecKyio HHxep- 
npexaiiHio caMHM (|)opMajibHbiM npeo5pa30BaHHaM, b oGiijeM cjiy- 
Hae, HaxajiKHBaexca na xpy;iHOCXH, CBHsaHHbie, b nacxHOCXH, c ne- 
onpe^ejieHHOCXbio reoMexpHHecKoro Mecxonojio>KeHHa noBepxHO- 

CXH BpCMeHH B npOCXpaHCXBC, BbI)IBJI)IK)meHC)I B npOLieCCe OflHO- 

BpeMeHHoro npHMeneHHa npeoGpasoBaHHH. CoGcxbchho hmchho 
H3-3a HajiHHHa xaKOH HeonpeflejiCHHOCXH, 3xh npeoGpasoBaHHH 

GblJIH HaSBaHbl (|)OpMajIbHbIMH. 

Ha npHMepe (|)opMajibHbix npeo5pa30BaHHH mh bh;ihm, hxo 
OHH, c OflHOH cxopoHbi, no3BOJiflK)x npcflMexHO H3Jiaraxb onHcaHHC 
ynpomaiomeH npoijecc rjio6ajibHoro naGjiiOAeHHa H^eH h, c 
flpyroH cxopoHbi, BbiaBjiaiox HeB03M0>KH0CXb peajiH3aLiHH axoii 
H^ieH Ha 6a3e I aAanxHBHOH KoopAHHaxHofi CHCxeMbi. 

OxMeneHHaa xpy^HOCXb npeoAOJiena b III rjiaBe. 
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2.1. OnPEAEJIEHHil nJIOCKOCTH 
H nOBEPXHOCTH BPEMEHH 

KoHCxpyHpyeMbie b jxannoPi paGoxe aAanxHBHbie KOopAH- 

HaXHbie CHCXCMbl npHAaiOX oGblACHHblH cmwcji k xaKHM Ha 
nepBblH BSrjiaA MHCXHHeCKHM nOHaXHaM KaK njIOCKOCXb HJIH 

noBepxHOCXb BpeMeHH. 

HMea B BHAy xo, Hxo KajKAaa ocb bpcmchh H3HaHajibH0 
Moacex 6bixb npoBeAena, BOo6ine roBopa, nepes jiK)6yK) xoHxy 
njiocKOCXH, BbiAejieHHOH jijin oceH bpcmchh h, xpoMC xoro, 

HJIOXHOCXb paCHOJIOaCCHHa OCCH BpCMCHH Ha 3X0H HJIOCKOCXH 
yBCJIHHHBaCXCa npOHOpilHOHajIbHO c BOspacxaHHCM n , hmccx 
CMblCJI BBCCXH CJICAyiOIUCC HOHaXHC: 

OnpcAejiCHHC 2.1.1. UjiocKOcmb, na Komopoii pacno- 
jiojiceHu ocu epeMCHU, nasoeeM nnocKOcmbio epeMenu. 

IIjIOCKOCXb BpCMCHH BblHOJIHaCX (JDyHKIIHK) HOCHXCJia AJIH 
KOOpAHHaXHblX OCCH BpCMCHH. 

PaCCXOaHHa MCaCAy KOOpAHnaXHblMH OCaMH BpCMCHH, H 

B0061HC, Bca xa Hacxb hjiockocxh bpcmchh, pacHOJioaccHHaa 

BHC HpaMblX OCCH BpCMCHH, HC CyiUCCXBCHHbl Ji,Jl5i KOOpAH- 
HaXH0-H3MCpHXCJIbHbIX (JDyHKLlHH aAaHXHBHOH KOOpAHHaXHOH 
CHCXCMbl. 

C MOMCHxa Hanajia pcajiHsaiiHH npcAnojiaracMbix npcoG- 
pasoBaHHH (cABHra h ncpcnoca) KOopAHnaxHbix occh, npaMaa 
jiHHHa DDq (cm. pnc. 1), npcBpamacxca b oGiucm cjiynac b 

JIOMaHyiO JIHHHK) C HCpCMCHHOH KOHCJDHrypailHCH, H HMCIOIHyK) 

n BcpuiHH B HanajibHbix xonxax. Och bpcmchh, «HpHKpcH- 

JICHHblO) K 3XHM XOHKaM HCHblXblBaKDX HapajIJICJIbHbIC HCpC- 
HOCbl, H HJIOCKOCXb BpCMCHH HpCoGpaSOBblBaCXCa B HOBCpX- 
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HOCTb c nepeMCHHOH KOHCJDHrypaiiHeH. IIpH xaacAOM cxaxH- 
necKOM nojioaceHHH KOopAHHaxHbix ocefi BpeMeHH axa noBepx- 
Hocxb, cocxoHx H3 nojioc njiocKOCxeH, KaacAaa h3 Koxopwx 
orpaHHHHBaexca AByMa cxoponaMH, oGpasoBaHHWMH GjiHacafi- 
uiHMH coceAHHMH ocaMH BpeMeHH. KaacAbie xaKHe jx&t hojio- 
Cbi, HMeioiuHe oGinyK) cxopony b BH^e och BpeMeHH, npHMbi- 
Kaiox HO Hen ace Apyr k Apyry. 3xy HOBepxHOCXb nasoBeM 
noeepxHOcmbw epeMcnu. 

Ha pHC.4 HpHBeACHO BOSMoacnoe HSoGpaacenne HOBepx- 
HOCXH BpeMeHH AJi^ HeKOxoporo MOMenxa BpeMenn. Bhaho, 
Hxo HpaMaa jiHHHa DDq, yxasaHHaa b onpeAejienHH I a^an- 

XHBHOH KoopAHHaxHOH CHCxeMbi H coAcpacainaa HanajibHbie 

XOHKH Oi 1 , . . . , 0,_i,fe^_j , 0,1 , 0,2 , . . . , 0,;t^ , 0,+i 1 , . . . , O^k^ , KOOp- 

AHHaxHbix HjiocKocxeH X,y X tij , Hocjie HpeoGpasoBaHHH cabh- 

ra AJi^ He BpeMennbix KOopAHHaxHbix ocefi, h cooxBex- 
cxByKDinHx nepeHOCOB a-h^ KOopAHHaxHbix oceH BpeMeHH, npe- 
Bpamaexca b o6ineM cjiynae b jiOManyK) jihhhk) D'D'q , coAep- 

jKamyio o5pa3bi 0[^,...,Ol^^k^_^,0\^, O/j,..., 6>,;_ , o;+ij, ..., 

O'^j^ HanajibHbix xoneK. 

B oGineM cjiynae, bo bc^khh MOMenx BpeMenn KaacAaa 
xoHKa njiocKOCXH Xij X tij , HcnwxbiBaa npeoGpasoBaHHe cabh- 

ra, Moacex sanaxb b npocxpancxBe HOBoe reoMexpHnecKoe 
MecxonojioaceHHe. IIpH 3xom cooxBexcxByioinHMH hobwmh 
nojioaceHHaMH npeoGpasoBaHHbix KOopAHHaxHbix ocefi BpeMe- 
HH t'lj , B eBKjiHAOBOM HpocxpaHcxBe i?3 OHpeACJiaexca coox- 

BexcxByKDinaa HOBaa reoMexpHnecKaa KOHCJDHrypaiiHa a-h^ no- 
BepXHOCXH BpeMeHH. 
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Puc.4. rioBepxHOCTb BpeMeHH - oGteAHHeHHe nojioc njiocKOCXH, 
saKjiiOHeHHbix Me5K;iy vsoKjxbiM^ jxayma OjiHJKaiiniHMH KOopAHHaxHbiMH 

OCaMH BpeMCHH. 
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2.2. AOnOJIHHTEJIBHAJI AEKAPTOBAJI 
KOOPAHHATHAJI CHCTEMA 

HecMOxpa Ha to, hto nocxpoeHHaa Bbime I aAanxHBHaa ko- 
opAHHaxHaa CHCxeMa cocxohx hs coBOKynnocxH AByMepHbix 
AeKapxoBbix KoopAHHaxHbix CHCxeM, OHa, xax eAHHaa ijejiaa 
CHCxeMa oxcnexa, sabeAOMO hc abjiaexca AeKapxoBOH Koop- 
AHHaxHOH CHCxeMOH B eBKjiHAOBOM npocxpaHcxBe i?3 . H6o, 

3Aecb B npHHiiHne neBOSMoacHO HafixH KOopAHHaxbi xoneK, ne 
npHHaAJieacainHx KOopAHHaxHWM njiocKOCxaM. HoaxoMy a-h^ 
onpeACJieHHa KOopAHHax, HanpHMep, hc KOHiieBbix xohck 
pe6ep rpacJDOB HMeex cmmcji BBecxH AonojiHHxejibHyio 
xpexMepnyio npaMoyrojibHyK) AeKapxobyK) KOopAHHaxHyio 
CHCxeMy. 

/I,jiH npocxoxbi peajiHsaiiHH 3xoh hach BOcnojibsycMca yace 

HMCIOIUHMHCa npaMblMH JIHHHaMH, BblAejICHKblMH Ji,Jl5i I 

aAanxHBHOH KOopAHHaxHOH CHCxcMbi, HaxoAaineHca b hcxoa- 

HOM HenOABHaCHOM nOJIOJKCHHH. 

HoByK) KOopAHHaxHyK) ocb X pacnojio>KHM na npaMOH 
jiHHHH, BbiAejieHHOH ji,ji5i ocH Xjj ncpBOH aAanxHBHOH Koop- 
AHHaxHOH CHCxeMbi xaKHM o6pa30M, Hxo 3XH OCH, a xaxace hx 
HanpaBjieHHa coBnanH. KoopAHHaxHyio ocb y , pasMecxHM no 

JIHHHH DDq b HanpaBjienHH HAymcM cnnsy BBcpx. KoopAH- 
naxHyio ocb BpeMCHH t pacHOJioacHM na HpaMOH jihhhh, bbi- 

ACJieHHOH AJI^ HCpBOH (CBepxy) OCH BpeMCHH, XaK HX06bI 3XH 

OCH H HX HanpaBjiCHHa coBnajiH (cm. pnc.S). ^jia oGosnane- 

HHa KOOpAHHaX XOHCK B HOBOH KOOpAHHaXHOH CHCXCMC GyACM 
HCHOJIbSOBaXb 06bIHHbIH ACKapXOBblH CHMBOJi: 

(x, ;;, t) . 
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Puc.5. npocxpaHCTBeHHbie MecxonojioacenHH KOopAHHaxHbix ocen 
AonojiHHxejibHOH npaMoyrojibHOH AeKapxoBOH KOopAHnaxHOH CHCxeMbi 

OXHOCHXejIbHO HenOABH5KHOH I aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 
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npHMCM, HTO eAHHHLlbl HSMCpCHHa H HaHajIbHWC TOHKH 
COBnaAaKDIUHX KOOpAHHaXHblX OCCH OAHHaKOBbI, a eAHHHLia 

HSMepeHHa KoopAHHaxHOH ocH y , AJi^ onpeAejiCHHOCTH xa- 
Kaa ace, xax h y KOopAHHaxHOH och x . 

Mbi saBepuiHjiH onncaHHe AonojiHHxejibHOH xpexMepHoii 

AeKapXOBOH npaMOyrOJIbHOH KOOpAHHaXHOH CHCXeMbI c Koop- 
AHHaXHblMH OCaMH X , y U t . ^Jia KpaXKOCXH 66 B AajIbH6H- 

m6M Hacxo GyACM nasbiBaxb donojiHumejibHoii Koopdunam- 
HOii cucmeMoii . 

B 0XJIHHH6 OX I aAanXHBHOH KOOpAHHaXHOH CHCX6MbI, B 
3X0H KOOpAHHaXHOH CHCX6M6 MOryX 6bIXb onp6Aeji6Hbi Koop- 

AHHaxbi jiK)6bix X0H6K npocxpaHCXBa i?3 . B nacxHOCXH, npn 

3HaH6HHH t = tQ, AOnOJIHHX6JIbHaa KOOpAHHaXHaa CHCX6Ma 

npHroAHa jiJin HaxoacACHHa KOopAHHax npoHSBOJibHbix xoh6k 
(x, y, tQ ) Ha H6cyin6H njiocKOCXH. 

^JIH 0603HaH6HHa X0H6K (a XaK5K6 HX KOOpAHHax) KOOp- 
AHHaXHblX njI0CK0CX6H I aAanXHBHOH KOOpAHHaXHOH CHCX6MbI 
BOCnOJIb3y6MCa CJI6AyK)IHHM npaBHJIOM. 

3anHCb 

Fy=F,j{T) = {q,T\ (2.2.1) 

6yAex osHanaxb, hxo xonxa Fj- naxoAHxca na njiocKOCXH 
Xjj X tjj , \q\ - paccxoaHH6 ox Hanajia KOopAHHax ao npo6K- 

IJHH XOHKH Fj- Ha OCb Xj- , HHaH6 TOBOpa, \q\ paBHO B6JIHHHH6 
paCCXOaHHa M65KAy XOHKOH Fj- H OCbK) tj- njIOCKOCXH (hJIH nO- 
B6pXH0CXH) BP6M6HH. SnaK q Onp6Aejia6XCa XaK >K6, KaK 3X0 
06lH6npHHaX0 B JI6B0H ACKapXOBOH KOOpAHHaXHOH CHCX6M6, 
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nocTpocHHOH Ha ynopaAOHeHHbix napax ocefi Xy u ty , r^e 

OCb Xy BbinOJIHaeX (JjYHKLIHH KOOpAHHaXHOH OCH aGcLlHCC. 

CooTBexcTBeHHO SHaneHHe BpeMeHHOH KoopAHHaxw onpcAe- 
jiaexca paccToaHHeM ox xohkh Fjj[t) ao HCcymeH njiocKOCXH 

(paBHO r - ^0 )• 

BejiHHHHy q GyACM HaswBaxb npocmpaHcmeeHHoii adan- 
mueHoii KOopduHamoii, cooxBCxcxBeHHO BenHHHHy t -tQ na- 
SOBCM 3HaHeHHeM epeMeHHoii adanmueHoii Koopdunamou 

XOHKH F^-\t). HaCXO AJI^ 3XHX 5Ke KOOpAHHaX GyACM HCnOJIb- 

soBaxb 6ojiee xpaxKHe nasBaHHa: - npocmpaHcmeeHHan Koop- 
dunama h epeMeHnan Koopdunama cooxBCxcxBeHHO (nanoM- 
HHM, Hxo oGinee a-h^ Bcex ocefi t^ SHaneHHa bpcmchh mw 

oGosHanaeM oahhm chmbojiom). 

OxHOCHXejIbHO AOnOJIHHXejIbHOH KOOpAHHaXHOH CHCXCMbl 

xoHKa Fy HMcex oGbiHHbie AeKapxoBbie KoopAHHaxw 

\ci,-yij ,t), tjxq hhcjio j,y paBHO paccxoaHHK) Meac^y ocaMH 

x=Xj=Xjj H Xy (HSMepeHHOMy no MexpHxe npocxpancxBa 

i?3). B nacxHOCXH, ^jj =0, h b AajibHCHuieM chmboji y^ mm 

GyACM ynoxpe6jiaxb jiHuib b xojibKO hxo onpeACJieHHOM 
CMbicjie (cm. npHMCHaHHC 7). 

HaHajibHyio xoHxy KOopAHnaxHOH njiocKOCXH X^ x t^ o5o- 

3HaHHM CHMBOJIOM O^ , Tji,Q Ojj =(0, ^q)/- ^jih, xo acc CaMOC, 

Oy = (p, - yij , /^o ) B KOOpAHHaxaX AOnOJIHHXejIbHOH KOOpAH- 
HaXHOH CHCXCMbl. 
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3a4)HKCHpyeM TOHKH KOOpAHHaXHOH njIOCKOCTH X,y X tij , 

cooTBCTCTByioiuHe nojioaceHHaM rpaHHHHbix SHaneHHH a,y(T) 

H bijir), onxHMajibHbix SHaneHMH c,y(r), a xaxace HaGniOAae- 

Mbix SHaneHMH ?,(7) noKasaHHH AaxHHKOB, i=\,N, j =l,kj , 

npH HeKOTopoM SHaneHMH bpcmchh t eT . 

CorjiacHO npaBHjiy sanncH (2.2.1) h cxpoeHHK) Aonoji- 

HHXejIbHOH KOOpAHHaXHOH CHCXeMbI, 3XH XOHKH XCnepb M05KH0 

oGosHanaxb cooxBexcxBCHHO jih6o CHMBOJiaMH: 

Cy{T)=(c,j{T),T\, //^.(r) = (/-/r),r)^, (2.2.2) 

jih5o )Ke Hx xpexMepHbiMH AeKapxoBbiMH anajioraMH. 

HanpHMcp, B npHBbiHHbix AeKapxoBbix KOopAHHaxax xoHxy 
Hj^ = HjAz) M05KH0 sanHcaxb b Bujxe: 

Hij(ij{T),-yij,T). 

OxMexHM, 6e3 yxoHHCHHa noApoGnocxeH, hxo o6o3HaHe- 
HHa (1.2.1) cosAaiox B03M05KHOCXH jijifi npeACxaBjieHHa sanH- 
ceH (2.2.1) H (2.2.2) b oahhohkbix HHAexcax. 

OnpeACJieHHe 2.2.1. IIpRMyio jiuhuw, npoxodnufyio 
Hepes moHKy Qii{t) = {cuito), t\-^, nepnenduKyjiapHO k Koop- 

duHamnou riJiocKOcmu X^ x tn nepeou adanmueHOU Koop- 
duHaniHoii cucmeMu (HaxodHUfeucn e ucxodnoM HenodeuoK- 
HOM nojiootceHMu), HasoeeM z - onmuManbHoii eepmuKanbio 
(coKpaiqeHHo: - onmuMajibHoii eepmuKajibio) u odosnaMUM 
cuMBOJiOM Opir), T e r. 
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nepeceneHHa r - onxHMajibHOH BepxHKajiH Op\z) c Koop- 

AHHaXHblMH njIOCKOCXaMH X,y X t^ aAanxHBHOH KOopAHHax- 
HOH CHCXCMbl (HaXOA^meHCa B HCXOAHOM HCnOABHiKHOM nOJIO- 

aceHHH), Moryx npoHCxoAHXb xojibKO b xonxax QiM) c a^an- 

XHBHblMH KOOpAHHaxaMH 

HjiH, xo ace caMoe, b AeKapxoBbix KOopAHHaxax AonojiHHxejib- 

HOH KOOpAHHaXHOH CHCXCMbl, B XOHKaX 

(cii(^). - J/,-, t) Vr e r , /• = ITA^, 7 = U; . 

Ohcbhaho xaxace, hxo Q i Vo ) = 2i i ( ^ ) • 

ripoMcacyxoK bpcmchh McacAy t - onxHManbHOH BcpxH- 

KajIbK) H HCCymCH njIOCKOCXbK) HMCeX SHaHCHHC T - ^0 . 

Ha pHC.6 npHBCAeHO HSoGpaaccHHC onxHManbHOH BcpxH- 
KajiH, cooxBCxcxByKDincH HanajibHOMy MOMCHxy bpcmchh. 

IIpH paBHOCHJIbHOM OHpCAejICHHH OHXHMajIbHOH BCpXH- 
KajIH OXHOCHXCJIbHO AOHOJIHHXCJIbHOH KOOpAHHaXHOH CHCXC- 
Mbl, B onpcAejiCHHH 2.2.1, ohcbhaho, KOopAHHaxnyK) njio- 
CKOCXb Xjj X ^jj cjiCAyex saMcnnxb KOopAHnaxHOH hjiocko- 

CXbK) XXt AOHOJIHHXCJIbHOH KOOpAHHaXHOH CHCXCMbl, H BOC- 
HOJIbSOBaXbCa XCM, HXO XOHKa QwX':) HMCCX AeKapxoBbic Koop- 

AHHaxbi (cnv^o)' 0'^) C^'^- npHMcnaHHC 8). 

OnpcAejiCHHC 2.2.2. UnocKOcmh, npoxodmi{y}o nepes 
dee pasjiuHHbie onmujuajibHbie eepmuKanu Opir^ u Op\T2), 
Tj^tTj, 6ydeM Hasbieamb onmuMajibHoii njiocKOcnibio, u 
odosHanamb cumgojiom Op{T) . 
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Puc.6. H3o6pa5KeHHe onxHMajibHOH BepxHKajiH Opyto). 
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OnxHMajibHaa njiocKOCXb napanjiejibHa njiocKOCXH BpeMe- 

HH H paCCTOaHHC MeaC^y HHMH, OHeBHAHO, paBHO Cjj(^q) . 

no3TOMy AJi^ nocxpoeHHa onxHMajibHOH njiocKOCXH 
Op[T) , AOCxaxoHHO npoBecxH njiocKOCXb napajiJienbHyK) njio- 
CKOcxH BpeMeHH, nepeceKaioinyK) KoopAHHaxHyio ocb Xjj 

(hJIH OCb X) B XOHKC C aAanXHBHblMH KOopAHHaxaMH 

{cu{to)'h)u ^•'^^' ^^ ^^ caMoe AeKapxoBbiMH KoopAHHaxaMH 

Ohcbhaho, hxo onxHMajibHyK) njiocKOCXb jierKO mojkho 
onpeACJiHXb oxHOCHxejibHO AonojiHHxejibHOH KOopAHHaxHoii 
CHCxcMbi. OneHb BaacHO, hxo onxHMajibHyio njiocKOCXb MoacHO 
nocxpoHXb sapanee, x.e. ao Hanajia ocymecxBjieHHa xaKHx- 
jih6o npeoGpasoBaHHH b aAanxHBHOH KoopAHHaxHOH CHCxeMe. 

Hs onpeAejiCHHH 2.2. 1 h 2.2.2 OHCBHAHbiM oGpasoM Bbixe- 
Kaex, HXO Bce onxHManbHbie BepxHKanH Opyu) Vz eT , pacno- 
jioaceHbi Ha onxHManbHOH njiocKOCXH Op\T) . HoaxoMy, Bbipa- 
acaacb oGpasHO, mojkho cxasaxb, hxo onxHManbHaa njiocKOCXb 
no xoAy BpeMeHH «OHepHHBaexca» onxHMajibHbiMH BepxHKan- 
aMH. 

HpeAnojiaraeM, hxo AOHOJiHHxejibHaa KOopAHnaxnaa 
CHCxeMa HO xoAy BpeMenn ocxaexca HeHOABHJKHOH, 
x.e. He pearnpyex na BceBOSMoacnwe ABHacenna ocefi a^an- 

XHBHOH KOOpAHHaXHOH CHCXeMbl. IIpHHHMaeM XaK5Ke, HXO 

onxHMajibHaa njiocKOCXb Op\T) HenoABHacna oxhoch- 
xejibHO AonojiHHxejibHOH KOopAHHaxHOH CHCxeMbi. Ilosace (b 
III rjiaBe), nocjie onpeACJieHHa BxopoH aAanxHBHOH Koop- 
AHHaxHOH CHCxeMbi, cxaxyc nenoABHacHoro npocxpancxBeHHO- 
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ro opHCHTHpa nepeHACT xaxace k I aAanxHBHOH KOopAHHaxHOH 
CHCxeMe, nocjie nero mw h3 ero nasBaHHa yGepeM xepMHH 
«aAanxHBHbiH». B pesyjibxaxe I KoopAHHaxnaa CHCxeMa Gy^ex 
cjiyacHXb xojibKO a-h^ iiejieH (JDHKcaiiHH AaHHbix, nojiynaeMbix 

HCnOCpeACXBeHHO H3 AaXHHKOB. 

TaKHM oGpasoM, nocjie Hanajia peajiHsaiiHH npcAnojiarae- 
Mbix npeoGpasoBaHHH b aAanxHBHOH KOopAHHaxHOH chcxcmc, 
onpeACJieHHa 2.2.1 h 2.2.2 ocxanyxca b CHjie, b nacxHOCXH, 
GjiaroAapa nenoABHacHbiM npocxpaHCXBeHHbiM opneHXHpaM 

AOnOJIHHXejIbHOH KOOpAHHaXHOH CHCXCMbl. 

B cjieAyioineM pasAene mm b KanecxBC npHMepa h 4)op- 
MajibHbiM oGpasoM, x.e. Ges naAJieacainero reoMexpHnecKoro 
oGocHOBaHHa, npHBeACM ajireGpaHHecKHe sanncH Hexoxopbix 
GasoBbix (JDopMyji, na HAeiiHOH ochobc Koxopbix, coGcxBeHHO h 
cxpoHxca reoMCxpHHecKaa Bcpcna pemeHHa npoGjieMbi rjio- 
6ajibHoro HaGjiKDACHHa. 

npHMCHaHHH: 

7. SanHCbK) KOopAHHax b BH/ie (2.2.1), x.e. 6e3 ynoxpeGneHHa hhccji 
jj. , Mbi xoxejiH eme pa3 noAnepKHyxb, hxo b a^anxKBHOH KOopAH- 

HaxHOH CHCxcMe KOHKpexHbie SHaneHHa paccxoaHHH MCJiyiy napan- 
jiejibHbiMH KOopAHHaxHbiMH njiocKOCxaMH He HMCiox npHHiinnnajibHoro 
SHaneHHa. 

no 3X0H npHHHHC o5e sanHCH KOopAHHax: 

{q,t\ H [q,-y,j,t), 

Mbi nacxo 6yAeM BOcnpHHHMaxb npaKXHHecKH KaK paBHOijeHHbie. 

3X0 n03B0XHX HaM npH BOSHHKHOBeHHH Heo6xOAHMOCXH 663 

BcaKHx o6ocHOBaHHH sanHcaxb b a/ianxHBHbix KOop^HHaxax axre6paH- 
HCCKHC onepaijHH, onpcAexenHbie na/i o6biHHbiMH /iCKapxoBbiMH Koop- 

/IHHaxaMH XOHBK npOH3BOXbHOH KOOpAHHaXHOH nXOCKOCXH: 
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8. B onpeAejiCHHH 2.2.1 Bbi6op tohkh QwXy) hocht saBeAOMO yc- 
jiOBHbiH xapaKxep, x.e. BOo6ine roBopa, bmccto nee mbi mofjih 6bi (J)hk- 
cnpoBaxb jiK)6yK) Apyryio xoHKy (c,,(/o), t) , hjih ^aJKC BcaKyio xoHKy 

{a, t). C npOH3BOJIbHO (J)HKCHpOBaHHOH npOCXpaHCXBCHHOH KOOpAHHa- 

xoH a. Cmmcji Hamero KOHKpexHoro Bbi6opa xohkh QwXy) momcho 
o6'bacHHXb cjie/iyioiHHMH coo6pa5KeHHaMH: 

B npoijecce cjiejKCHHa, b o6ineM cjiynae. naHHHaa c HCKOxoporo 
MOMCHxa BpeMeHH, M05Kex BOBce HcnesHyxb noxpe6HOCXb b KOHxpo- 

JIHpOBaHHH nOKaSaHHH /laXHHKa Ij(-) H COOXBeXCXBCHHO M05KeX B03HH- 
KaXb HaA06H0CXb B HCKJIIOHeHHH KOOpAHHaXHblX OCeil Xjj H /^jj H3 

paccMOxpcHHa. npcHMymecxBO Hamero Bbi6opa saKjiiOHaexca b xom, 

HXO HMeHHO 3XH OCH HO nOCXpOCHHK) Ay 6 JIHpOBaHbl COOXBCXCXByK)- 
IHHMH KOOpAHHaXHblMH OCaMH X H / AOnOJIHHXejIbHOH KOOpAHHaXHOH 

CHCxcMbi. CjiCAOBaxejibHO, HCKjiioHeHHe yKasaHHbix oceii a^anxKBHOH 
KOopAHHaxHOH CHCxcMbi HC npHBO^Hx K noxcpc npocxpaHCXBCHKbix 

OpHCHXHpOB AJia XOHCK (?jj(t), a 3HaHHX H A-Ha OnXHMajIbHOH BepxH- 

KajiH. 



2.3. nPHMEP OOPMAJILHLIX 
nPEOBPASOBAHHH 

IIpocTpaHCTBeHHbie KOOpAHHaXbl rpaHHHHblX H OnXHMajIb- 

Hbix ToneK, B oGineM cjiynae, Moryx npHHHMaxb KaxHe yroAHO 
pasjiHHHbie BemecxBeHHbie SHaneHHa npn ycjiOBHH coGniOAe- 
HHa oxHomeHHH nop^AKa (1.1.1). 

CjieAyioiuHe 4)opMajibHbie oGpaxHMbie (rpynnoBbie) xpex- 
napaMexpHHecKHe npeoGpasoBaHHa cboa^x na Hex cymecxBen- 
Hbie pasjiHHHa B pacnojioaceHHax oGpasoB 3xhx xoneK b npo- 
cxpaHcxBe. 
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3to, KaK Mbi yBHAHM, AOCTHraexca sa cnex npHAaHHa npe- 
oGpasoBaHHbiM npocxpaHCTBeHHbiM aAanxHBHbiM KoopAHHa- 
xaM rpaHHHHbix h onxHManbHbix xoneK nanepeA (jJHKCHpoBaH- 

HblX nOCXOaHHblX SHaHeHHH. 

PaccMOxpHM cjiynaH, KorAa npocxpaHCXBeHHbie a^anxMB- 
Hbie KOopAHHaxbi xoneK (2.2.2) npHKHMarox KOHenHbie snane- 

HHa. IlyCXb A H /i - npOH3BOJIbHbie 4)HKCHpOBaHHbie nojio- 

acHxejibHbie BeinecxBCHHbie HHCJia, b nacxHOCXH, hc hckjikd- 
naexca cjiynaH, KorAa X = [i . 

Hnace, BpeMa z , a xaxace HHCJia A h ^ GyACM CHHxaxb na- 
paMexpaMH paccMaxpHBaeMbix npeoGpasoBanHH. 

OnpcAenHM (JDopManbHbie xpexnapaMexpHHecKHe npeoGpa- 
soBaHHa xoneK KOopAHHaxHwx njiocKOCxeH X,y x tij cjiCAyio- 

IUHMH AByMa COOXHOmeHHaMH: 

(^".0,- =(^11(^0). 0,+W^-Cy(^))/b(0-«,(0). ^\ (2.3.1) 

AJiH Bcex X < Cij (t) , H 

(^".0,= (^11(^0). 0,+W^-^,(0)/(*,(0-^,(0). ^\ (2.3.2) 
AJia Bcex X > Cy (r) , r^e i = l,N , j = l,kj , z eT . 

B CHjiy oxHomeHHH nop^AKa (1.1.1) b cooxHomeHHax 
(2.3.1),(2.3.2) cjiynaH AencHHa na nyjib HCKjnoHaroxca (o Apy- 
THx noApoGnocxax MoacHO ysnaxb h3 npHMenaHHa 9). 

^eficxBHaMH npeoGpasoBaHHH (2.3.1),(2.3.2) Bcaxaa xoHxa 
(x, tV- = (x, -yij, T) KOopAHHaxHOH njiocKOCXH Xy X ty 0x06- 

paacaexca BsaHMHOOAHOSHanHbiM (x.e. HCBbipoacAeHHbiM) 06- 
pasoM B xoHKy (x", z)y = [x",- yy, z) xoh jkc njiocKOCXH. 

HeBbipoacACHHOCXb oxoGpaaccHHH o6ecneHHBaexca xcm yc- 
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jiOBHeM, HTO Ha KaacAOH njiocKOCTH Xj- X tj- npH jirdGmx (JDHK- 
CHpoBaHHbix SHaneHHax reT, /l>0 h ^>0 o6e (JDyHKLjHO- 

HajIbHbie SaBHCHMOCTH: 

x" = x"{x, T, a) H x" = x"{x, T, fi), 

onpeACJiaeMbie no npocTpaHCTBCHHbiM aAanxHBHbiM KOopAH- 
HaxaM (nenocpeACBeHHO h3 caMHx 4)opMyji (2.3.1) h (2.3.2)), 

aBJiaiOTCa JIHHCHHblMH HenpepWBHblMH H CXpOrO MOHOTOHHO 

BOspacxaioinHMH (JDyHKiiHaMH HO apryMeHxy x na xaacAOH h3 
oGjiacxeH x<Cjy(T) h x>Cjy(T). 

KpoMC xoro, o5e 3xh (JjyHKiiHH oGnaAaiox npn paBCHCXBe 
X = c,y (t) 061HHM nocxoaHHbiM SHaneHHeM Cjj(^g) . 

CjieAOBaxejibHO, bmccxc 3xh (JDyHKiiHH onpeACJiaiox OAHy 
jiHHeHHyio HenpepbiBHyK) cxporo mohoxohho BOspacxaKDinyio 
(JDyHKiiHK) no apryMCHxy x e (- 00, 00) npn (JDHKCHpoBaHHbix 
HHACKcax / , 7 H SHaHCHHax napaMexpoB reT, X>0 , /u>0 . 

OGpaxHbie npeoGpasoBaHna, xax nexpyAHO ycxanoBHXb, 
ycxaHaBjiHBaKDxca cjieAynDinHMH cooxHomeHHaMH: 

(x,r)^.=(c^.(r),r)^+^i(x"-qi(^o)fc(^)-«,(^)). ^] (2-3.3) 

AJia Bcex x" < Cjj(^o)r ^ 

(x, r)^. = (c,j{t), t\ +^^{x''-Cu{to)%{T)-c,j{4 r j (2.3.4) 

AJia Bcex x" > Cj J (^0 ) • 

OxKyAa, no anajiornn c npeABiAyiUHM, saxjiKDHaeM, hxo na 
KaacAOH KOopAHHaxHOH njiocKOCXH Xj- X tj- npn jiioGbix (Jdhk- 
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CHpoBaHHbix SHaneHHax t eT , A,> h /u>0 npocxpan- 

CTBCHHbie KOopAHHaxbi, yHacTByioiuHe b 3thx npeoGpasoBa- 
HHax onpeACJiaioT oGpaxHwe saBHCHMOcxH: 

X = x{x", T, /l) H X = x{x", T, ^), 

KOTopwe xaxace aBjiaiOTca jiHHeHHbiMH HenpepbiBHWMH h 
cxporo MOHOTOHHO BOspacxaioinHMH 4)yHKLiHaMH no apryMCH- 
xy x" B oGjiacxax x"<Cjj(^q) h x">Cjj(^q) cooxBexcTBeHHO, 

a xaxace, HMerox npn paBencxBe x" = Cjj(^q) oGinee SHaneHHC 

PesiOMHpya saKjiiOHaeM, hxo ACHCXBHa npeo6pa30BaHHH 

(2.3.1) H (2.3.2), He npHBOA^x k noxepaM HHCJDopMaiiHH 
(cBasaHHOH c AaxHHKaMH). Hnane roBopa, no HaGniOAaeMbiM 
KOopAHHaxaM oGpasoB (x", rV- mm, b cooxBexcxBHH c 4)opMy- 

jiaMH (2.3.3) H (2.3.4) CMoaceM BOCCxanoBHXb (bsaHMHOOA- 
HOSHaHHbiM oGpasoM) KoopAHHaxbi npooGpasoB (x, rV . 

^ajiee GyKBenHbie oGosHaneHHa xoneK, npeoGpasoBanHbix 
oxoGpaaceHHaMH (2.3.1),(2.3.2) GyACM oxMenaxb AByMa mxpn- 
xaMH. Hacxo AByMa uixpHxaMH GyACM oxMenaxb xaxace npo- 
cxpaHCXBeHHbie aAanxHBHwe KOopAHnaxbi 3xhx xohck. 

CjieAya BbimecKasaHHOMy, oGpasw xoneK h3 cooxHomeHHH 

(2.2.2) o6o3HaHHM cooxBexcxBenHO cjieAyioinHMH CHMBOJiaMH: 

IIpH paBCHCXBe x = a,y(r), co6jiK)Aaa cooxBexcxBHa no nn- 
AeKcaM H SHanennaM BpeMenn, ns (2.3.1) nojiynnM: 
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^(40^.=(qi(^o)-^.4 Vrer. (2.3.6) 

AHajiorHHHO, npn paBencxBe x = by{T), coGmojiaa coox- 

BCTCTBHa no HHAeKCaM H SHaHeHHaM BpeMeHH, H3 4)opMyjibi 

(2.3.2) HMeeM 

(b;}{T),T\.={cu{to) + l^,T).j yzeT. (2.3.7) 

rm i = l,N, j = l,k, . 

^ajiee, bhobb yHHXbiBaa cooTBexcxBHa no HHAeKcaM n sna- 
HcnnaM BpeMenn, n nojiaraa x = CjAt) b jik)6om h3 cootho- 

mennn (2.3.1) nun (2.3.2), nojiynnM 

(4(0.0^=(^ii(^o).0,-, (2.3.8) 

OTKyAa, nnn npocTpancTBennbix aAanxHBHbix KOopAHnax xo- 
HCK C"(r), Bbixexaiox cjieAyioinne xojKACCxBa: 

c;(0 = cii(^) Vrer. (2.3.9) 

TAe / = l,iV, 7 = 1, A:, . 

CooxHomenna (2.3.6)-(2.3.8) BbMBjiarox BecbMa Baacnyio 
ocoGennocxb npeoGpasoBannn (2.3.1) n (2.3.2), cocxoainyK) b 
xoM, Hxo B KaacAWH (JDHKcnpoBaHHbiH MOMenx BpeMenn z Bce 
npeoGpasoBannbie xoHKn A"j{t), B"j{t) n C"j[t) oxasbiBaioxcH 

cooxBexcxBenno na xpex napanjiejibnbix npaMbix, pacnojio- 
acennbix na oahoh njiocKOCxn, napajijiejibnon necymen njio- 
CKOCxn. 3xn npaMbie napajijienbnbi xaxace k ncxoAHon Bepxn- 
KajibnoH jinnnn DDq. B caMOM ACJie, Bne saBncnMOCxn ox 
snanennn nn^eKCOB, b cnjiy (JDopMyji (2.3.8) n oGosnanennn 
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TOHCK Qijir) (h3 pasACJia 2.2), cnpaBCAJiHEbi xoacAecxBa 

(c;.(r),r)^=e^.(r) Vrer, 

osHanaioiuHe, corjiacHO onpeAeneHHK) 2.2.1, hto Bce tohkh 
C"(t), aBjiaKDinHeca oGpasaMH onxHMajibHbix tohck Cij{t) 

npH npeoGpasoBaHHax (2.3.1) h (2.3.2), pacnojiararoxca na r - 

OnXHMajIbHOH BepXHKajIH Opij) OnXHMajIbHOH njIOCKOCXH. 

Bce xoHKH A"j\t), b cooxbcxcxbhh c (2.3.6) nonaAaiox na Bep- 

xHKajib, napajiJiejibHOH onxHManbHOH BepxHKanH Opir) h npo- 
xoA^meH cjieBa ox nee na paccxoaHHH X . Tohho xaK^ce, Bce 
xoHKH B"j\t), corjiacHO (2.3.7), OKasbiBaioxca na BepxHKanH, 

napajiJiejibHOH onxHManbHOH BepxHKanH Opir) h npoxoA^meH 
cnpaBa ox nee na paccxoaHHH /i . 

TaKHM oGpasoM, b KaacAbm momchx BpeMeHH z ACHCXBHeM 
npeoGpasoBaHHH (2.3.1),(2.3.2) XOHKH ^,,(t), Cy{z) h 5,y(r), 

i = l,N, j = l,kj , Koxopbie Moryx HMexb jiioGbie npocxpan- 

cxBeHHbie KOopAHHaxbi aij{T), Cjy(T) H byyr) (yAOBjiex- 

BopaioiuHe xojibKO oxHomeHHaM nop^AKa (1.1.1)), oxoGpa- 
acaioxca b xohkh, npocxpaHCXBeHHbie KOopAHHaxbi Koxopwx 
YAaexca onncaxb cooxBexcxBeHHO Bcero xpeMa nocxoaHHbiMH 
HHCJieHHbiMH SHaneHHaMH: 

cii(^)-^, ciM, ^iM+^i- 

3x0 pesyjibxax, hmccx HCKjiioHHxejibHO Gojibuioe SHaneHHC 
AJia onHCbiBaeMoro reoMexpHHCCKoro pemeHHa npoGncMbi 
cjieaceHHa, h no3BOJiHXb HaM ynpocxHXb npoiiecc cjieaccHHa, 
npaBAa, xoubko nocjie npeoACJieHHa xex npenaxcxBHH, o koxo- 



2.3. IIpuMep (popMCUibHbix npeodpasoeanuu 85 

pwx pcHb noHAex HHace, b saKjiKDHHTCJibHOH nacTH 3Toro pas- 
Aejia. 

Bbcacm cjieAyioinee onpeAeneHHe. 

OnpeACJieHHe 2.3.1. Kajfcdbie dee moHKU, UMewii^ue 
odunaKoeue epeMCHHue KOopduHamu u Haxodnujuecn na 
odnou KOopduHantHOU rmocKOcmu adanmuenou Koopdunam- 
Hoii cucmeMbi Hasoeeju nonapno cpaenuMUMU ujiu, e cjiynaHX, 
Koeda HedopasymeHUH ucKJUonenbi, dojiee KoponiKo: - 
cpaenuMbiMU. 

OneBHAHO, HTO jiK)6bie abc nonapno cpaBnnMwe tohkh 
Bcer^a naxoA^Tca na OAnon npaMon jinnnn, napajijiejibnon 
necymen njiocKOCxn, n pacnojioacennon na nexoxopon Koop- 
AnnaxnoH njiocKOCxn aAanxnBnon KOopAnnaxnon cncxeMbi. 
KaacAaa ns xaxnx npaMbix jinnnn Moacex Gwxb nnxepnpexn- 
poBana xax oGwKnoBennaa BemecxBennaa ocb, npnneM opnen- 
xnpoBannaa xonno xaxace xax n jiroGaa ns ne BpeMennwx 
KOopAnnaxnbix ocen aAanxnbnon KOopAnnaxnon cncxeMbi. 

BcjiCACXBne axoro, a-h^ nonapno cpaBnnMbix xohck oxno- 
menna nopa^Ka, cymecxByKDinne MeacAy cooxBexcxByKDinnMn 
npocxpancxBcnnbiMn aAanxnbnbiMn KOopAnnaxaivin, onpcAC- 
jiaiox ecxecxBcnnbiM oGpasoM oxnomenna ynop^Aonennocxn 
MeacAy 3xnMn ace xoHKaMn (xonno xaxne, xaxne oGbinno 
npnnaxo BBOAnx a-h^ xohck BeinecxBcnnon ocn). B pesyjib- 
xaxe, AJi^ nonapno cpaBnnMbix xohck nonaxna jiCBoro n npa- 
Boro npnoGpexaiox cmmcji Aaace b xom cjiynae, ecjin 5bi mm, 
KaK 3X0 Gbijio CACJiano Bbime, ne BOcnojibsoBanncb 6bi onxn- 
MajibnoH BepxnKajibK) xax npocxpancxBcnnbiM opnenxnpoM. 

B cnjiy nojio>Knxejibnocxn snanennn napaMCxpoB A n ^ , 
ns 4)opMyji (2.3.6) n (2.3.7) nojiynnM cjiCAyioinne oxmenna 
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nopaAKa: 

<(7)<qi(^o)<^^(0 VTer,/ = i:iV,7 = U;, (2.3.10) 

AOKasbiBaioiuHe, c ynexoM TOJKAecxB (2.3.9), hto oxHomeHHa 
nop^AKa (1.1.1) aBjiaiOTca HHBapHaHxaMH npeoGpasoBaHHH 
(2.3.1) H (2.3.2). 

Bojiee Toro, h3 cxporo MOHOxoHHoro BOspacxaHHa (JDyHK- 
iIHH x" = x"(x, T, /l) H x" = x"(x, T, fi) (no apryMeHxy x) cpasy 
Bbixexaex, hxo npn achcxbhh 3xhx npeoGpasoBaHHH noAoGnoe 
CBOHCXBO HHBapHaHXHOCXH coxpaHHxca ji,ji5i Bcex nonapHO 

CpaBHHMblX XOHCK. B HaCXHOCXH, CpaBHHMbie XOHKH A"j\t) H 

B"j{t), pacnojioaceHHbie cooxBexcxBCHHO no jiCByK) h npaByio 

cxopoHy ox onxHMajibHOH njiocKOCXH Op\T) , BcerAa 6yAyx 
BbinojiHaxb (JDyHKLiHH rpaHHHHbix xoneK. 

^ajiee, hs kohchhocxh, cxporo mohoxohhofo BOspacxanHa 
H HenpepbiBHOCXH (JDyHKiiHH x" = x"(x, T, a) H x" = x"(x, T, ju) 
(no apryMenxy x) cjieAyex, hxo Bne saBncHMOCxn ox koh- 
KpexHbix snaHennn nnAeKCOB n BpcMenn, BceBOSMOJKHbie xoh- 
KH (x, tV- e Xy X ty , yAOBjiexBopaioiuHe ycjiOBHio: 

HMerox npn npeoGpasoBannax (2.3.1),(2.3.2) oGpasw (x", rV-, 

npocxpancxBennbie aAanxHBHbie KOopAnnaxbi Koxopbix 5e3 
nponycKOB sanojinarox nnxepBaji: 

Hcnojibsya oGosHanenne « <:^ » jiJin ABycxoponnen HMnjin- 
KaiiHH, AJi^ xoneK nnxepBanoB ly [t) - AonycxHMbix snaHennn 
AaxHHKOB, ACHCXBHa npeoGpasoBaHHH (2.3.1)-(2.3.4) mojkho yc- 
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jiOBHO HsoGpaacaxb cjiCAyioineH AHarpaMMofi: 

^i,(^) = b(0.^y(0)«(^ii(^)-^.^ii(^o)+A^), (2.3.11) 

nojiyHCHHbie Bbime (JDopMyjibi, Gwxb Moacex, na nepsbm 
BsrjiaA npeACxaBjiaiOTca GesynpenHbiMH. Ho 3to ne cobccm 
xaK. npHHHHaxoro, hxo npn BbiBOAC 4)opMyji (2.3.6) h (2.3.7), 

Mbl He CXajIKHBajIHCb C npOXHBOpeHHHMH, aBJiaeXCa XO, HXO 

KaacAyK) H3 3XHX 4)opMyji Mbl aHajiHSHpoBajiH pasAejibHO, x.e. 
ACHCXBOBajiH HCxoAa jih6o h3 (j^opMyji npeoGpasoBaHHH 
(2.3.1), jiH5o>KeH3 (2.3.2). 

IIpH OAHOBpeMCHHOM JKC ACHCXBHH npeoGpasoBaHHH 
(2.3.1) H (2.3.2) CHxyaiiHa Menaexca: - HonbixKa Aaxb reoMex- 

pHHCCKyiO HHXepnpexailHK) OAHOBpeMeHHbIM ACHCXBHaM 3XHX 

npeoGpasoBaHHH, b o6ineM cjiynae, naxajiKHBaexca na xpyA- 
HOCXH, CBasaHHbie c noaBjiCHHeM HeonpcAejieHHOCXH b reo- 
MexpHHecKOH KOHCJDHrypaiiHH noBepxHOCXH BpcMeHH B npo- 
cxpaHCXBC (noApoGnee o6 3xom cm. npHMenaHHe 10). 

CoGcxBeHHO H3-3a HajiHHHa xaKOH HconpeAejieHHOcxH, 
npeoGpasoBaHHa (2.3.1)-(2.3.4) Bbime GbijiH nasBaHbi (JDop- 

MajIbHblMH. 

npHMeHaHHH: 

9. YcjiOBHe KOHCHHOCTH 3HaHeHHH npocxpaHCTBeHHbix KoopAHHax 
TOHCK (2.2.2) cymecTBeHHO njin ocymecxEjieHHa npeo6pa30BaHHH 
(2.3.1) H (2.3.2). TaK, npeo6pa30BaHHe (2.3.1) hc HMcex CMbicjia b cjiy- 
nae, Kor/ia a, , (tj ) = -co npn HCKOxopbix SHaneHHax HH^ieKCOB /j , jj h 

BpcMCHH Tj . AHajiorHHHO, Bxopoe npeo6pa30BaHHe (2.3.2) ne npoBO- 

jiWTca, ecxH bj , (t2)='x> npn HCKOxopbix SHaneHHax HH/ieKCOB / 2 , J2 

H BpeMeHH T2 . 
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OAHaKO, B cjiynaax 6ecK0HeHH0CTH SHaHCHHH nepBbix KOopAHnax 
TOHCK, npoijecc cjie5KeHHa tojibko ynpomaexca, nocKOJiBKy cootbct- 
CTBeHHO yMCHbinaeTca o6inee kouhhcctbo rpaHHHHbix orpaHHHCHHH. 

SaMCTHM, HTO CJiyHaH THna «/, /, (^l ) = -H» H bj i \T2)=-^ hcbos- 

M05KHbi no caMOMy onpeAeJieHHK) HHxepBajia /lonycxHMbix SHaHenHH 
AaxHHKOB Iy{t)=[ay{t\ by(t)). 

10. nOHaXHO, HXO B KaayiBIH MOMCHX BpCMCHH npH OX/jejIbHOM ACH- 

cxBHH jiK)6oro OAHoro H3 AByx npeo6pa30BaHHH (2.3.1) hjih (2.3.2) 
KOopAHHaxHbie OCH I a^anxKBHOH KOopAHHaxHoii CHCxcMbi Moryx saHH- 
Maxb onpeAejiCHHbie hobmc nojioJKCHHa b npocxpancxBe. 3xh «nepe- 
/IHCJiOKaiiHH» KOopAHHaxHbix occH B o6ineM cjiynae Moryx ne coBna- 
Aaxb, x.e. Moryx 6bixb pasjiHHHbiMH j^jin Ka5K/ioro h3 3xhx npeo6pa- 
30BaHHH. rioaxoMy npoxHBopeHHe mojkcx Bbipasnxbca, nanpHMcp, b 
BH/ie HeonpeAejiCHHOCXH (hjih HeoAH03HaHHOCXH) reoMexpHnecKOH 

KOH(J)HrypaiIHH nOBCpXHOCXH BpCMCHH B HpOCXpaHCXBC, HXO MOMcex 

HMexb Mecxo npn OAHOBpeMCHRbix /leiicxBHax npeo6pa30BaHHH (2.3.1) 
H (2.3.2). 

TaKHM o6pa30M, HMcexca npoxHBopeHHC, cxaBaiHHH noA coMHenHe 
cnpaBCAJiHBOCXb caMon iweH ynpomeHHH, BbixeKaiomeH h3 (})opMyji 
(2.3.6)-(2.3.11). Bojiee xoro, npoxKBopenne, B03HHKaioiHHH npn 
OAHOBpeMCHHOM ^eHCXBHH npeo6pa30BaHHH (2.3.1), (2. 3. 2), ^ejiaex 
HeB03M05KHbiM, HanpHMcp, npHMCHeHHe cnoco6a onpeAeneHHH 
npocxpaHCXBeHHbix a/ianxHBHbix KOopAHnax, Koxopbin 6biji onncaH b 
pa3'bacHeHHax k npaBHjiy 3anHCH (2.2.1). 

H 3X0 eme ne Bce. TaK, npn ocMbicjieHHH /leiicxBHH npeo6pa30Ba- 
HHH (2.3.1), (2. 3. 2) BbMBjiaexca, hxo 3xh npeo6pa30BaHHa He aBjiaioxca 
AOCxaxoHHbiMH, x.e. jiJin Hx ocymecxBjieHHa noxpe6yexca npoBOAHXb 
onpeAejieHHbie /lonojiHHxejibHbie npeo6pa30BaHHa /ijia BpeMennbix 
KOopAHHaxHbix oceii 1 aAanxHBHoii KOopAHnaxHOH CHCxeMbi. 

B caMOM Aejie, h3 3anHCH (})opMyji npeo6pa30BaHHH (2.3.1), (2. 3. 2) 
M05KH0 ycMoxpexb, Hxo B HaHajibHbiH MOMeHx BpeMeHH T =tQ ocyme- 
cxBjieHHe npeo6pa30BaHHH conpoBOJiyiaexca, b nacxHOCXH, c^BHraMH 
xoneK KOopAHHaxHbix oceii X,, , no cbohm BejinnnnaM paBHbiM xohho 

xaKHM ace c^BHraM cooxBexcxByioninx HanajibHbix xoneK 3xhx oceii. 
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3th CABHrH, B ijejiax coxpaneHHa CBoiiCTBa «iipaMoyrojibHOCTH» 

ACKapTOBblX KOOpAHHaXHblX CHCTCM, /I0JI5KHbI BblSblBaXb corjiacoBaHHbie 

c HHMH /lonojiHHxejibHbie napajiJiejibHbie nepenocbi KOopAHHaxHbix 
ocen BpcMCHH. HeonpcAejieHHOCTb npocxpaHCXBeHHoro Mecxonoji05Ke- 
HHH, HanpHMcp, oceii bpcmchh b o6ineM cjiynae Aenaex HeB03M05KHbiM 
onpcAejieHHa HaAJie5KaiHHx npeo6pa30BaHHH napajiJiejibHoro nepenoca 

AJia OCCH BpCMCHH I a^anXKBHOH KOOpAHHaXHOH CHCXCMbl. 

OAHaKO npocxpaHCXBCHHoe nojioJKCHHe noBcpxHOCXH bpcmchh cxa- 
HOBHxca OHpcACJiCHHbiM, HaHpHMcp, B cjiyHac, Kor/ia HSHanajibHO npn 
jiK)6bix SHancHHH HH/iCKCOB OKasbiBaioxca cnpaBCAJiHBbiMH xoac^ccxBa: 

c,j{t) = yzeT. 
/],aHHbiH cjiynaH, kohchho, jiji^ nac hc hphcmjicm, xaK KaK npHBC- 

/ICHHblC X05K/ICCXBa SaMCXHO OrpaHHHHBaiOX 06mH0CXb HOCXanOBKH 
Hpo6jICMbI. TCM HC MCHCC, 3X0X CJiyHaH HHXCpCCCH XCM, HXO HMCHHO 
3ACCb BblCBCHHBaCXCa HyXb, BCAynjHH K yCXpaHCHHK) OXMCHCHHOrO Hpo- 
XHBOpCHHa, H, KaK 3X0 Mbl yBH/JHM B III TJiaBC, HOCpCACXBOM OHpCAS- 
JICHHa HOBOH a/iaHXHBHOH KOOpAHHaXHOH CHCXCMbl. 

HaKOHCIJ, OXMCXHM, HXO BBOA KaKHX-JIH6o /JOHOJIHHXCJIbHblX HpC06- 
pa30BaHHH 06bIHH0 COHpOB05K/iaCXCa yBCJIHHCHHCM 06HICr0 06'bCMa Bbl- 
HHCJICHHH. B paCCMaxpHBaCMOM 5KC CJiyHaC 3XOrO HC HpOHCXOAHX, HO- 

CKOJibKy B HpcAJiaracMOH BcpcHH pcmcHHa Hpo6jiCMbi rjio6ajibHoro 
Ha6jH0AeHHa hc xpc6ycxca npoBOAHXb KaKHC-jiH6o BbiHHCJiCHHa, 
CBasaHHbic c pcannsaiiHCH ynoManyxbix bmhic /lOHOJiHHxcjibHbix Hpco6- 
pasoBaHHH. 

/],OHOJIHHXCJIbHbIC HpC06pa30BaHHa, CBaSaHHbIC C HCpCHOCOM OCCH 
BpCMCHH, Hy5KHbI 6yAyX, HpCayiS BCCrO, A-Xa TCOMCXPHHCCKH HCXKOrO 

o6ocHOBaHHa saKonnocxn ynpoHjaiOHiCH h/ich, OHHcanHOH c ho- 
MOHjbK) (JjopMyji (2.3.6)-(2.3.11). 
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rjIABA III. HOBblE KOOPAHHATHblE 
CHCTEMbI 

CnpaBefljiHBOCTb ynpoujaiomeH npoijecc Ha5jiiOfleHHH h^ich, 
HapyuiaiomeHOi npn achctbhh (|)opMajibHbix npeoGpasoBaHHH, ;io- 
Kasana b HacToamefi - xpexbeH rjiaBC. 

B pas^ejie 3.1 onpe^ejieHbi xaK nasbiBaeMwe ^iBHacenHa BbipaB- 

HHBaHHa, npH KOTOpWX, C OflHOH CTOpOHbl, TOHKH KOOpflHHaXHblX 

njiocKOCxeH a^ianxHBHOH KOopAHHaxHOH CHCxeMw no^BepraioxcH 
xaKHM cflBHPaM, Hxo, B Hxope, Bce onxHMajibHbie xoHKH oxoGpa- 
acaioxca na onxHManbHyio njiocKOCXb. C Apyrofi cxopoHw, a^an- 

XHBHbie KOOpflHHaXbl XOHCK npH 3XHX C^IBHFaX, BbinOJIHHeMblX ox- 
HOCHXejIbHO ;iOnOJIHHXejIbHOH KOOp;iHHaXHOH CHCXeMbI, ocxaioxcH 
HeH3MeHHbIMH. TCM CaMbIM, peSepBHpyeXCa B03M0>KH0CXb fl,JlS 

npoBeflCHHa neKOxopbix hobhx npeoGpasoBaHHH, ne MenaiomHx 
^lOCXHFHyxbie ;iBH>KeHHaMH BbipaBHHBaHHa MecxonojioaceHHa on- 

XHMajIbHblX XOHCK. 

B pasflejie 3.2 paccMaxpHBaexca npniviep flBH^KeHHH BbipaBHH- 

BaHHH B I aflanXHBHOH KOOpAHHaXHOH CHCXeMe. 3fleCb npOflCMOH- 
CXpHpOBaHbl B03MTOKH0CXH a^anXMBHOH KOOpflHHaXHOH CHCXCMbl, 

nosBOJiHiomHe naivi ;iH(|)(|)epeHL(HpoBaHHbiM o5pa30M npHMenaxb k 
KOop;iHHaxHbiM OCHM H njiocKOCxaM pasjiHHHbie npeoGpasoBaHHH. 
PasflCJi 3.2, no saMwcjiy, flOJiacen oGjiexHHXb HsyneHHe hoboh II 
aflanxHBHOH Koop^HHaxHOH CHCxeMbi, BBeAeHHOH B pas^ejie 3.3. 

3fs,ech npeflnojiaraexca, hxo I aAanxHBHaa KOopAHHaxHaa ch- 
cxeMa He ynacxByex Gojiee b KaKHx-jiH5o npeoGpasoBaHHax Koop- 
;iHHax, H nocxoaHHO Haxo^Hxca b hcxo^hom nenoflBH^KHOM nojio- 
aceHHH. Hcxofla h3 axoro, ^ajiee I a^anxMBHaa KOop^HHaxHaa ch- 
cxeMa HasbiBaexca coKpamenHO I Koop^HHaxHOH CHCxeivioH. Ilocjie 
3xoro I KOopAHHaxnaa CHCxeivia Hcnojibsyexca b KanecxBe neno- 
;iBH5KHoro npocxpancxBeHHoro opneHXHpa. Ochobhoc oxjiHHHe II 
a^anxMBHOH KOop^HHaxHOH CHCxeMbi ox nepBoii cocxohx b xom, 
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HTO s^ecb jiioGaa onxHMajibHaa xoHKa no onpeflejienHio flOJi>KHa 
pacnojiaraxbca na neKOTopoH KOopAHHaxHOH och BpeMCHH. Ho- 
3T0My, B o5meM cjiynae, Ka>K;iaa ocb BpeMenH hoboh KOop^H- 

HaXHOH CHCXeMbl BO BCHKHH MOMCHX BpeMCHH MO>KeX SaHHXb B 

npocxpancxBe HOBoe MecxonojioacenHe, onpe^ejiaeMoe cooxBex- 

CXByiOmHMH nOJIO>KeHH)IMH OnXHMajIbHblX XOHCK OXHOCHXejIbHO I 

KOopflHHaxHOH CHCxeMbi. 3x0, B o6meM cjiynae, npn^iaex no^BH^K- 

HOCXb KOHCXpyKL(HH II a^anXMBHOH KOOpflHHaXHOH CHCXeMbI, npH- 

HCM 5e3 npHMeneHHa KaKHx-jinGo npeo6pa30BaHHH. 

B pas^ejie 3.4 peajiHSOBanbi ;iBH>KeHHa BbipaBHHBaHHa bo II 
a^anxMBHOH KOopAHnaxHOH CHCxeivie. B pesyjibxaxe, Bce onxH- 
MajibHbie xoHKH, H3HaHajibH0 H HO onpe^ejieHHio Haxoflamneca na 

BpeMeHHblX KOOp;iHHaXHbIX OCHX HCXOflHOH II aflanXHBHOH Koop- 

;iHHaxHOH CHCxeMbi, ^leiicxBHflMH npeo5pa30BaHHH BsaHMHOofl- 
H03HaHHbiM o6pa30M oxo5pa5Kaioxca (BMecxe c ocsmh BpeMenH) na 
onxHMajibHyio njiocKOCXb. B cbssh c 3xhm, b ^lajibHeHuieM 3xa 
njiocKOCXb HasbiBaexca onxHMajibHOH njiocKOCXbio BpeMenH. 

B pasflejie 3.5 Hccjieflyexca euje o^na HOBaa a^anxHBHafl Koop- 
^IHHaxHaa CHCxeMa, Koxopaa (|)opMHpyexca b npocxpaHCXBe ecxe- 
cxBeHHbiM o6pa30M, B pesyjibxaxe ^lencxBHH ;iBH>KeHHH BbipaBHH- 
BaHHa BO II aflanxHBHOH KOop^HHaxHOH CHCxeMe. Ee mh nasBajiH 
npeo5pa30BaHHOH (Bxopoii) a^anxMBHOH KOop;iHHaxHOH CHCxeMoii. 
B 3X0H KoopflHHaxHOH CHCxeMe Bce OCH BpeMeHH pacnojio^KeHbi na 
onxHMajibHOH HjiocKOCXH BpeMCHH. OcxaBaacb no xo^y BpeMeHH 
HenoABH>KHbiMH, OCH BpcMCHH coflcp^Kax Bcc npeo5pa30BaHHbie 
;iBH>KeHHaMH BbipaBHHBaHHa onxHMajibHbie xohkh. B hxofc, Bce 
onxHMajibHbie xohkh hmciox oflnnaKOBbie nyjieBwe npocxpan- 

CXBCHHbie KOOp^HHaXbl OXHOCHXejIbHO 3X0H KOOp^HHaXHOH CH- 

cxcMbi. Hnane roBopa, nesaBHCHMO ox SHanenHH bpcmchh, npo- 
cxpaHcxBCHHbie Koop^HHaxbi Bcex npeo5pa30BaHHbix onxHMajib- 

HblX XOHCK OHHCblBaiOXCa OflHHM HHCJIOM. 
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HpeoGpasoBaHHaa aAanxHBHaa KOopflHHaTHaa CHCxeMa no3BO- 
jiaex HaM npHCxynHXb k nenpoxHEopeHHEOMy onHcaHHio o^HOEpe- 
MCHHO ^leiicxEyiomHx ^Byx npeoGpasoEaHHH pacxa>KeHHa-c>KaxHH 

(cOOXEeXCXECHHO Ha Ka>K;iOH KOOpAHHaXHOH nOJiynjIOCKOCXH), 

Koxopbie EMecxe c npeo5pa30EaHHaMH ^lEHacenHH EbipaEHHEaHHH 
o6pa3yiox KOMno3HL(HH npeo6pa30EaHHH, HEjiaiomHeoi roMeoMop- 
(|)H3MaMH. ripH 3X0M ocH EpcMeHH EbiGnpaioxca reoMexpHHecKHMH 
MecxaMH ijeHxpoE npeo6pa30EaHHH pacxa>KeHHa-c>KaxHa. 

B pa3Aejie 3.6, ycxanaEjiHEaexca, hxo nocjie ^leficxEHa komho- 
3HL(HH npeo5pa30EaHHH, E o6meM cjiynae npoH3EOJibHO pa3JiHHaio- 
mneca npocxpaHCXEeHHbie KOop^HHaxbi GyKEajibHO Ecex rpaHHH- 
Hbix H onxHMajibHbix xoHCK y^jaexc)! KoppeKXHO onHcaxb Ecero 

XpCMH HHCJieHHblMH 3HaHeHHHMH, HeMeHHIOmHMHCa E XeHCHHe ECC- 

ro EpeMCHH HaGjiiOAeHHa. TaKHM o5pa30M, cxporo oGochoeh- 
Eaexca cnpaEeAJiHEOCXb ynpoujaiomeH npoijecc Ha5jiiOfleHHa njxQn, 
HapymaiomeHca npn coEMecxHbix ^leficxEHax (|)opMajibHbix npeo5- 

pa30EaHHH H3 II FJiaEbl. 

HnxepecHO, hxo npn 3xom coxpaHHexcH roMeoMop(|)H3M h, hxo 
KpaHHe EaacHO, oxHomcHHa nopa^iKa Me»c;iy npocxpaHCXEeHHbiMH 

KOOp^HHaxaMH npOH3EOJIbHbIX flEyX nOnapHO CpaEHHMblX XOHCK 

OKa3biEaioxca HHEapHanxaMH KOMno3HL(HH npeo6pa30EaHHH. 

Hcnojib30EaHHbie 3Aecb (|)opMyjibi nepexo^a no3EOJifliox e npo- 
Liecce cjie^KeHHH emccxo nenpocxoH npoLieflypw, npeAnojiaraiomeH 
EHanajie nocxpoenHH II a^anxHEHOH KOopAHHaxHOH CHCxeMbi, 
peajiH30Eaxb npaKXHHHyio h oneHb npocxyio cxeiviy, e Koxopoii 
MoacHO ^lOEOJibcxEOEaxbca jiHuib npe^nojioaceHHeM cymecxEOEa- 

HHa 3X0H HeCKOJIbKO CJITOKHOH nO CXpOeHHK) KOOpflHHaXHOH CH- 

cxeMbi. 



93 

3.1. flBH^EHHil BLIPABHHBAHHil 

L|,ejib npoBOAHMbix HHace npeoGpasoBaHHH CABHra xoneK 

KOOpAHHaXHblX njIOCKOCTCH X,y X tjj , KOOpAHHaXHblX oceH Xij 

H napajiJiejibHoro nepenoca ocefi BpeMeHH ty nepBOH a^an- 

THBHOH KOOpAHHaXHOH CHCXeMbl COCTOHT B TOM, HTO B K2m.JXt>m 

MOMeHT BpeMeHH r e r oGpasw OHXHMajibHbix xoneK 
C, (r)= (cy (t), r).., B KOJiHHecTBe «, BbipaBHHBajincb no oa- 

HOH 3aAaHH0H npaMOH JIHHHH. KOHKpeXHO TOBOpa, HeoGxOAH- 
MO HT06bI B npOHSBOJIbHblH MOMeHT BpeMeHH Z 06pa3bl OHTH- 

MajibHbix ToneK npn peajiHSOBbmaeMbix HpeoGpasoBannax ho- 
HaAajiH HCKjiioHHTejibHO Ha OHTHMajibHyK) BepxHKajib Opir), 
H, cjieAOBaxejibHO, na OHXHMajibHyio HjiocKOCXb Op\T) . 

^BHacenna KOopAHHaxHbix ocen h KOopAHnaxHbix hjioc- 

KOCXeH aAanXHBHOH KOOpAHnaXHOH CHCXeMbI, HpHBOA^IUHe K 

AOCXHaceHHK) yxasaHHOH ijejiH, nasoBeM deujtceHUHMU eupae- 
HueanuH. 

^BHaceHHa BbipaBHHBaHHa M05KH0 npeACxaBHXb cjieAyio- 
iHHM HarjiaAHbiM o6pa30M: 

KoopAHHaxHbie hjiockocxh aAanxHBHOH KOopAHnaxHOH ch- 
cxeMbi MbicjieHHO npeACxaBHM b BH^e napanjiejibHbix «nojiOK» 

HeKOXOpOH KHH5KH0H 3Xa5KepKH H BOoGpaSHM, HXO KX>KJi,2i5i 

nojiKa HMeex no oahoh Mexxe. OneBHAno, hxo nama iiejib ao- 
cxnraexca nyxeM naAJieacamnx cabheob nojiOK, npHBOA^iUHx k 
BbicxpaHBannio 3xhx MexoK no oahoh BepxnKajibHon jihhhh. 

B cjiynae nenocxoancxBa onxnManbHbix snaHennn a^xmh- 
KOB, nojioacenna MexoK n cooxBexcxByiomne hm cabheh 
saBHcax ox BpeMenn, n mw, no HAee, neMnnyeMO AOJiacnw ybn- 
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ACTb Ha AHcnjiee HSoGpaaceHHe «TaHLiyK)ineH» axaacepKH. 

OAHaKO npeAnpHHHMaeMbie nosace ACHCXBHa, KaK Gbijio 
oGemaHO bo BBeAeHHH, nosBOJiaroT HsGaBHXb HaGjnoAaxejia ox 
oxBjieKaKDinero BH^a ABHacymeHca aAanxHBHOH KOopAHHaxHoii 
CHCxeMbi, H Aaace ocboGoahxb KOMnbKDxep ox pa^a BbiHHCJie- 
HHH, HeoGxoAHMbix ji,ji5i onpeACJieHHa rpacJDHHecKHx napaMex- 

POB 3XHX ABHJKCHHH. 

CjieAyex oxmcxhxb, hxo b nacxHOM cjiynae, Kor^a no ycjio- 

BH^M HaGjIKDACHHa HHCJieHHbie SHaHCHHa npocxpaHcxBCHHbix 

KOopAHHax Bcex onxHMajibHbix xoneK Q(r)= (% (r), r).. oah- 

HaKOBbI, H XOaCAeCXBeHHO paBHbl HeXOXOpOH nOCXOaHHOH BC- 

jiHHHHe: Cij(t) = c, xo ABHaccHHa BbipaBHHBaHHa cxaHOBaxca 

HSJIHUIHHMH. 

B 3X0M cjiynae, CHanajia, onxHMajibHyio njiocKOCXb cjie- 
Ayex npoBecxH opxoronajibHO k HecymcH njiocKOCXH nepea 
xoHKH c KoopAHHaxaMH [c, - yjj , tQj, H saxeM ocymecxBHXb 

cooxBCxcxByKDiuHe npoLieAypw (Koxopwe nosace, b 3xoh ace 
rjiaBe, AexanbHO onHcanbi a-h^ o6inero cjiynaa), naAejiaioiuHe 
3xy njiocKOCXb cxaxycoM hoboh KOopAHnaxHOH njiocKOCXH 

BpeMCHH. 

HaKoneii, oxHOCHxenbHO nojiyneHHOH xaKHM o6pa30M ho- 
boh aAanxHBHOH KOopAHnaxHOH CHCxcMbi, HyacHO ocyme- 
cxBHXb yHpomaKDinHC (ho cbohm ACHCXBHaM) Hpeo6pa30BaHHa 
pacxaaceHHa-cacaxHa. 3xh HpeoGpasoBanna 6yAyT anajiorHnHbi 
npeoGpasoBaHHaM, paccMoxpeHHbiM nosace b pasAene 3.6. 

Mbi yBHAHM, HXO SHaneHHa BpeMennbix KOopAHnax xohck 
Ha KOopAHHaxHbix njiocKOCxax OKa>Kyxca HRBapHanxaMH Bce- 

B03M0)KHbIX ABHaCCHHH BbipaBHHBaHHa, nOCKOJIbKy 3XH ABH- 
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aceHHa 6yAyT npoHCxoAHXb b HanpaBjiCHHax, opxoroHajibHbix 

K njIOCKOCTH BpCMeHH (hJIH K OC^M BpeMCHH). 

KpoMe Toro, ABHaceHHa ocefi BpeMeHH OAHOsnaHHO 6yAyT 

yCTaHaBJIHBaXbCa no ABHaCCHHaM BbipaBHHBaHHa KOopAHHax- 

Hbix oceH Xy , no3TOMy pesoHHO, CHanajia onpeAejiHXb npe- 

oGpasoBaHHa CABHra a-h^ npocxpaHCTBenHbix aAanxHBHwx 
KOopAHHax. 

fljiH onpeACJieHHa ABHaceHHH BbipaBHHBaHHa b paccMaxpn- 
BaeMOM npocxpancxBe i?3 HMeroxca xpn noAxoAaiUHx neno- 

ABHacHbix opneHXHpa. 

IlepBbiM opHenxHpoM no ycjiOBHio aBjiaioxca KOopAH- 
naxHbie ocn Aonojinnxejibnon AexapxoBon KOopAHnaxnon 
CHCxcMbi, BxopbiM - onxHMajibHaa njiocKOCXb Op\T) {wmqki- 
mee reoMexpnHecKn (JDHKcnpoBanHoe pacnojioacenne oxnocn- 
xejibHoro nepBoro opnenxnpa) n, naKoneii, xpexbHM - Koop- 
AHHaxnaa ocb X^ b naHajibnbin MOMenx BpcMenn (cm. npn- 
MCHanne 11). 

CjieAyioineH pasACJi, c oahoh cxoponbi, nocnx ACMoncxpa- 
LlHOHHbiH xapaKxep, a c Apyron cxoponbi, oGnernaex 
Bocnpnaxne noBon aAanxnBnon KOopAHnaxnon cncxeMbi, 
nMeioinen necKOJibKO cjioacnoe cxpoenne. B pasACJie paccMax- 
pnBaexca npniviep ABnacennn BbipaBnnBanna b I aAanxnBnon 
KOopAHnaxnon cncxeMe. Saccb mm, b nacxnocxn, nonbixanncb 
noApo6nee noxasaxb BOSMoacnocxn aAanxnBnon KOopAH- 
naxnoH cncxcMbi, nosBOJiaioinne naM no xoAy BpcMcnn ahcJ)- 
4)epenLinpoBannbiM o6pa30M npnMcnaxb k KOopAHnaxnbiM 
ocaM n njiocKOCxaM pasjinnnbie npeoGpasoBanna rpynnoBoro 
xnna. 
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HyacHbie ace a-h^ nac ABHaceHHa BwpaBHHBaHHa b hoboh 

aAanXHBHOH KOOpAHHaXHOH CHCXeMe, HeoGxOAHMOCXb bbcac- 

HHa KOxopoH cxanex Gojiee acHOH k KOHiiy pasACJia 3.2, mm 
onpeAejiHM nosace, b pasAene 3.4. 

npHMCHaHHe 11: 

/],eHCTBHTejibHO, corjiacHO onpeAeneHHio 2.2.1, b o6ineM cjiynae 
ocb Xjj OKasbiBaexca eAHHCTBCHHOH cpe^H Bcex KoopAHHaxHbix oceft 
a/ianxHBHOH KOopAHHaxHoii CHCxcMbi Ha Hecymeii njiocKOCXH, Koxopaa 
B HanajibKbiH momchx bpcmchh t = ?o hc Hy5K/iaexca b BbipaBHHBaHHH, 

x.e. ocxaexca nenoABHacHOH (3xox (J)aKx noBxopHO Bcxpenaexca b pas- 
Aexe 3.2). 

Bbime, Mbi y5Ke oxmcxhuh, hxo nocxe onpe/iexeHHa hoboh a^an- 

XHBHOH KOOpAHHaXHOH CHCXCMbl, I KOOp^HHaXHaa CHCXCMa Bccr/ia 

6yAex naxoAHXbca b hcxoahom nenoABHJKHOM noji05KeHHH. B pesyjib- 
xaxe, OHa «xHmHxca» CBOHCXBa a^anxKBHOCXH h, xcm caMbiM, caivia 
npcBpaxHXbca b rjiaBHbiii HenoABH5KHbiH opnenxHp npocxpancxBa. 



3.2. nPHMEP ABH^EHHH BBIPABHHBAHHJI 
B I AAAHTHBHOH KOOPAHHATHOH 
CHCTEME 

flonojiHHxejibHaa KOopAHHaxnaa CHCxeMa (nepBbiH opneH- 
xHp) nosBOJiaex onncaxb paccMaxpHBaeMWH HHace npHMep 

ABHaCCHHH BbipaBHHBaHHa B npHBblHHblX ACKapXCBblX KOOp- 

AHHaxax, no3xoMy mm eio h BOcnojibsyeMca. 

Hnace, BpeMa r aBjiaexca napaMexpoM npeoGpasoBaHHH. 

IIpeacAe neM onncaxb ABHaceHHa BbipaBHHBaHHa KOopAH- 
HaxHbix oceH, onpeACHHM oxHOCHxenbHO I opneHXHpa coox- 
BexcxByioiuHe ABHaceHHa KaacAOH xohkh KOopAHHaxHOH njio- 
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CKOCTH X,y X tij , cjieAyioinHMH npeoGpasoBaHHaMH CABHra: 

(•^'. -yij' ^)=[^' -yij' •^■)+(4(^). -yij' ^)^ (3-2.i) 

r^e \x, -yij , t) - npoH3BOJibHaa TOHxa na KOopAHHaxHOH njio- 
CKOCTH Xjj X tjj , KOTopaa BsaHMHOOAHOSHaHHbiM oGpasoM 
OTo5pa)KaeTca b tohky \x' , - j,y, t] na toh ace njiocKOCXH, 

Aj{'^) = Cii{to)-Cy{T) VzeT, / = W, j = lj;. (3.2.2) 

Tax KaK B oGmcM cjiynae BenHHHHa CABHra (3.2.2) - hc 
nocToaHHaa, TO, KaK 3T0 BHAHO H3 cooTHomcHHH (3.2.1), ne- 
peMeHHaa x' Moacex saBHcexb ox BpeMeHH ^aace xor^a, Kor^a 
BejiHHHHa X aBjiaexca nocxoaHHOH, x.e. b oGiucm cjiynae 
HMeex Mecxo saBHCHMOcxb x' = x'[t) . 

Co6jiK)Aaa cooxBCxcxBHa no HHAeKcaM h BpeMeHH, b coox- 
HomeHHax (3.2.1) hojio^khm x = Cjj[t), h yGeAHMca b xom, hxo 

OHXHMajibHaa xoHKa C,y(r) na hjiockocxh X,y x tj^ , HMeroinaa 

KOOpAHHaXbl \Cy{T),- yy, T) B AOnOJIHHXejIbHOH KOopAHHax- 

HOH CHCxeMe, nocjie ACHCXBHa npeoGpasoBanHH b MOMenx Bpe- 
MeHH T HepeHAex B xoHKy C'jAt) c KOopAHnaxaMn: 

(4 (^)' " yij ' ^)= (^ni^o ). - J/,- , t) Vt e r . 
IIpaBaa cxopona 3xoro paBencxBa coBnaAaex c (JDHKcnpo- 

BaHHblMH (oXHOCHXejIbHO AOnOJIHHXejIbHOH KOOpAHHaXHOH CH- 

cxeMbi) KOopAHHaxaMH xoHKH nepeceneHHa z - onxHManbHOH 

BepXHKajIH C KOOpAHHaXHOH njIOCKOCXbK) Xy X ty : 
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no3TOMy 

C'y{z) = Qij{z)=[c,,{t,),-yij,z) VreT. (3.2.3) 

CorjiacHO (3.2.3) h onpeAeneHHK) 2.2.1, b pesyjibxaxe ach- 
CTBHa npeoGpasoBaHHH (3.2.1), b KaacAWH momcht BpeMeHH z 
npeo6pa30BaHHbie onxHMajibHbie tohkh: 

c^(T), / = w,7 = u;, 

6yAyT HaxoAHTbca na z - onxHMajibHOH BepxHKajiH (cm. npn- 
MenaHHC 12). 

HpeoGpasoBaHHaMH xHna (3.2.1) mojkho onpeAejiHXb abh- 

aCCHHa BbipaBHHBaHHa X-j -^ Xlj[z) AJI^ KaaCAOH XOHKH Koop- 
AHHaXHOH OCH X-j nCpBOH aAanXHBHOH KOOpAHHaXHOH CHCXe- 

Mbi: 

(•^'. -yij,to)=(^, -yij,to)+(M^l -yij, to) Vt er . (3.2.4) 

CjieAyex oGpaxHXb BHHMaHHe na xo, hxo b o5ineM cjiynae 
4)opMyjibi CABHra (3.2.4), necMOxpa na HeKOxopwe cxoACXBa, 
He aBjiaKDxca 3jieMeHxapHbiMH cjiCACXBHaMH 4)opMyji (3.2.1), 
x.e. OHH He Moryx 6bixb BbiBCAeHbi h3 4)opMyji (3.2.1) npocxoH 
noACxanoBKOH z =tQ . 3xo CBasano c HcpaBHonpaBHbiM hc- 

nojibsoBaHHeM b sanncax [x'[z), - yy,z) hjih {x'{z),z)-- o6o- 

SHaneHHa nepeMeHHOH BpeMeHH. Sanncb x'[z) osnanaex, hxo 
npocxpancxBeHHaa KOopAHnaxa aBjiaexca SHaneHHeM (JDyHKiiHH 
x' = x'(-) Ha MOMenx BpeMenn z , Meac^y xeM oxAenbHO hc- 
nojibsoBaHHbiH B CKoGxax chmboji z , corjiacHO npaBHjiy sann- 
CH (2.2.1), yxasbiBaex na xo, hxo xonxa {x'{z),z)-- pacnojio- 

acena na yAaneHHH z -tQ ox Hecyinefi njiocKOCXH. 
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Taxaa CHxyaiiHa BOSHHKaex, b ochobhom, b cb^sh c Heo6- 
xoAHMOCTbK) oGecneneHHa opxoroHajibHOCTH ocefi BpeMeHH k 
HecymeH njiocKOCXH npn ocymecxBjieHHH npeoGpasoBaHHH 

OCCH BpCMCHH. 

HpeoGpasoBaHHa (3.2.4) OAHOsnaHHO onpcAenaiOT CABHrn 
HanajibHbix xoneK O^ =(0, ^q),- -\^'~yij'h)^ cooTBexcTByK)- 

IHHX KOOpAHHaXHblX OCCH X ^j B HaHajIbHblH MOMeHT BpeMeHH. 

^eHCTBHxejibHO, yHHTbiBaa B (3.2.4) saBHCHMOCXb x' = x'(r) h 
HOJiaraa x = , t =tQ, mw HOJiyHHM 

(0'(^). -yij^to)= (4,(^0). - Jy. to)- (3.2.5) 

OxKyAa, corjiacHO ycjiOBHK) A^'i[tQ) = , HMeeM paBencxBa 

Oi'i=(o'(^),0,?o) = (o,0,?o) = (o,^o)ii=0„, 

noATBepacAaioiuHe xo, hxo reoMexpHnecKoe MecxonojioacenHe 
OCH Xjj B HanajibHWH MOMenx BpeMeHH HHKaK ne Menaexca. 
AnajiorHHRO (3.2.5), jijin xoneK 

pacnojioJKeHHbix na nepeceneHMH njiocKOCXH BpeMeHH h hjio- 
CKOCXH Xjy X tj^ , HOJiaraa b (3.2.1) x' = x'(t) h x = 0, HOJiy- 

HHM 

(0'(t), -j,, r)=(0, -J,, ^o)+(a,(t), -y,, z) VreT. (3.2.6) 
J\jm xoro Hxo6bi snaneHHa BpeMenHbix KOopAHHax xoneK 

6bIJIH HHBapHaHXaMH ABHaceHHH BbipaBHHBaHHa, HeoGxOAHMO 

BbinojiHeHHe cjieAyioinHx AByx ycjiOBHii: 

1) ^BHaceHHe xaacAOH xohkh aojijkho npoHCxoAHXb no 
npaMbiM jiHHHaM, napanjiejibHbiM Hecymeii njiocKOCXH; 
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2) 3th ABHaceHHa hc AOJiacHbi Hapymaxb AeKapxoByio 
cxpyKxypy xaacAOH AByMepHOH KOopAHHaxHOH CHCxeMw b I 

aAanXHBHOH KOOpAHHaXHOH CHCXeMC. 

IlepBoe ycjiOBHC oGecnenHBaexca cooxHomeHHaMH (3.2.1)- 
(3.2.6). Bxoporo ace ycjiOBHa AoGnxbca HecjioacHO, ecjiH mw 
npHMeM, Hxo ABHaccHHa oceH BpeMeHH npoHCxoA^x corjiaco- 

BaHHO C ABHaCCHHaMH BbipaBHHBaHHa (3.2.4). 

3Aecb corjiacoBaHHOCXb npeoGpasoBanHH (3.2.4) h npeo6- 
pasoBaHHH napajijiejibHoro nepenoca ocefi BpeMeHH 

ty^t\j(T), (3.2.7) 

osnanaex, hxo na KaacAOH KOopAHnaxHOH hjiockocxh X,y x t^ 

BejiHHHHa H HanpaBjieHHe HapanjiejibHoro nepenoca och Bpe- 
MeHH tij coBHaAaex c BenHHHHOH H HanpaBjieHHeM CABnra 

(3.2.6) xoneK 0,-,(r). 

IIpH 3X0M oneBHAHO, He AOHycKaioxca KaKHe-jinGo 
AecJDopMaiiHH, HCKpHBjieHHa, paspwBbi HjiH HSMeHeHH^ opneH- 
xaiiHH KOopAHHaxHbix oceH H, KaK cjieACXBHe, oxHomeHHa 
opxoroHajibHOCXH X,y_L?^,y HHBapnaHXHbi oxHOCHxenbHO ach- 

cxBHH npeo6pa30BaHHH (3.2.7): 

X^(^)l4(r) Vrer. 

Hnane roBopa, npn ABHaceHHax BbipaBHHBaHHa KOopAH- 
HaxHbie OCH Xjj h tij nepBOH aAanxHBHOH KOopAHnaxHOH ch- 

cxeMbi ABHraioxca BMecxe c njiocKOCXbK) X,-,- x t^ KaK eAHHoe 

Liejioe, nojiHOCXbK) coxpanaa cxpyKxypy npaMoyrojibHoii ac- 

KapXOBOH CHCXeMbI Ha 3X0H njIOCKOCXH. 

C ynexoM 3xoro h npHHHMaa bo BHHMaHHe paBencxBa 
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(3. 2. 5), (3. 2. 6), onpeAejiHM cjx&utu HanajibHbix tohck 0,y a-h^ 
KaacAoro MOMenxa BpeMeHH r e T cjieAyioinHM oGpasoM: 
(0'(t), -j,, t,)=[0, -J,, ?o)+(a,(t), -y,, t,) Vrer. (3.2.8) 

B oGincM cjiynae, ACHCTBHa npeoGpasoBaHHH (3.2.7), 
(3.2.8) MenaKDT reoMexpHHecKHC MecxonojioaceHHa ocefi Bpe- 
MeHH B HpOCXpanCTBe. IIpH 3T0M OCXaKDTCa HeHSMeHHblMH 

SHaneHHa Bcex BpeMenHbix KOopAHHax xoneK. 

Ha pHC.7 BHAHO, HTO Bce npeoGpasoBaHHbie onxHMajibHbie 
TOHKH Cliifo) pacnojioaceHbi na onxHMajibHOH BepxHKajiH 

Opifo), H cooxBexcxBeHHO njiocKocxb BpeMeHH npeoGpasoBa- 
na B HOBepxHOCXb BpeMenn. 

IIpeoGpasoBaHHa (3.2.1),(3.2.4) h (3.2.7) onpeAejienbi A-na 
KaacAoro MOMenxa BpeMeHH r eT , H03X0My b pesyjibxaxe hx 
AeHcxBHa Bce HpeoGpasoBaHHbie OHXHMajibHwe xohkh C'jAt) 

OKasbiBaKDxca Ha onxHMajibHOH BepxHKanH Opyz), a, cjieAO- 
BaxejibHO, H Ha onxHMajibHOH hjiockocxh OpyT) . 

TaKHM oGpasoM, npeoGpasoBaHna (3.2.1),(3.2.4) h (3.2.7) 
HOJiHOCXbK) onpeAejiaKDx ABHacenHa BbipaBHHBanHa b I a^an- 

XHBHOH KOOpAHHaXHOH CHCXeMe. 

Co6jiK)Aaa cooxBexcxBHa ho HHAexcaM h BpeMenn, oxhh- 
MeM o6e cxopoHbi pabencxB (3.2.6) ox cooxBexcxByioinHx cxo- 
poH paBencxB (3.2.1): 

(x'-0'{T),-yy,T)=(x-0,-yy,T) VzeT. (3.2.9) 

AnajiorHHRO, oxHHMaa o5e cxopoHbi pabencxB (3.2.8) ox 
cooxBexcxByioinHx cxopoH paBeHCXB (3.2.4) npn OAHHaxoBbix 
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CI,(/o)=Cn('o)=ai('o) 




OnmuManbHOX eepmuKOjib Opif^) 



tNk, Do 



Puc. 7. Bo3M05KHbie npocxpaHCTBeHHbie MecTonoji05KeHHa oceft I 

aZianXHBHOH KOOpAHHaXHOH CHCTCMbl OTHOCHXejIbHO /lOnOJIHHXejIbHOH 

KOopAHHaxHOH CHCTCMbl nocjic /iCHCTBHa npco6pa30BaHHH (3.2.1),(3.2.4) 

H (3.2.7) B HaHajIbHblH MOMCHT BpCMCHH T = /g • 

ripmiaa jihhhh DDq , npoxoAanjaa Hcpc3 tohkh Ojj ,...,0,_i^ .C',j, 
0,2 ,...,Oj^i^ , npcoOpasoBana b jiOManyK) jihhhio c BcpniHHaMH b xoHKax 

Oi 1 , . . . , oi_ii^._^ , OJi ,0-2, ■■■, O'j^k^ . 
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SHaneHHax HHAeKCOB h BpeMeHH, nojiynHM 

[x'-0'{T),-yy,tQ)=[x-0,-yy,tQ) ^zeT. (3.2.10) 

PaBCHCTBa (3.2.9) h (3.2.10), BMecxe c BbimecKasaHHbiM o 
BpeMeHHbix KOopAHHaxax, AOKasbiBarox, hto npn ABHaceHHax 

BbipaBHHBaHHa HeHSMCHHblMH OCXaKDTCa aAanTHBHblC KOOpAH- 

Haxbi Bcex ToneK KOopAHHaxHbix njiocKOCxeH X'jATjxt'jAz) 
VreT, onpeAejieHHbie oxHOCHxejibHO ABHacymeHca I a^an- 

XHBHOH KOOpAHHaXHOH CHCXeMbl. OAHaKO OXHOCHXejIbHO AO- 

nojiHHxejibHOH KOopAHHaxHOH CHCxcMbi, B oGineM cjiynae 

CBOHCXBO HHBapHaHXHOCXH KOOpAHHaX COXpaHaeXCa XOJIbKO 

AJia BpeMeHHbix KoopAHHax. 

HpoAeMOHCxpHpyeM cxaaaHHoe na npHMepe npocxpan- 
cxBeHHbix KOopAHHax BaacHbix AJi^ Hac xoneK (2.2.2). Ho, cna- 
najia, BBeACM cjieAynDinee npaBHjio A-n« o6o3HaHeHHH: 

ByKBeHHbie oGosHaneHHa xoneK KOopAHHaxHbix njiocKO- 
cxefi X'jAzjxt'jj^T) GyACM oxMenaxb oahhm mxpHxoM. Hnor- 

Aa, OAHHM mxpHxoM 6yAeM oxMenaxb xaxace npocxpaHCXBCH- 
Hbie aAanxHBHbie KOopAHHaxbi 3xhx xoneK. 

CorjiacHO 3X0My npaBHjiy, nocjie ACHCXBHa npeo6pa30Ba- 
HHH (3.2.1) (aji^ KOopAHHaxHbix njiocKOCxeH) H npeoGpaso- 
BaHHH (3. 2. 4), (3. 2. 7) (ajm KOopAHHaxHbix ocefi) xohkh (2.2.2) 
KOopAHHaxHbix njiocKOCxeH Xj- X tj- nepeiiAyx b xohkh Koop- 

AHHaxHbix njiocKOCxeH X'jATjxt'jAz) h 6yAyx HMexb cjieAyio- 
mne o6o3HaHeHHa: 

q(^)=H(44' ^^(0=to(44r (3.2.11) 
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B CHjiy cooTHomeHHH (3.2.9) h (3.2.10) b npoHSBOJiBHbiH 

MOMCHT BpeMCHH T G T Ha KaaCAOH njIOCKOCTH Xlj{T)xt\j\z) 

MeacAy npocxpaHCTBeHHbiMH KOopAHHaxaMH xoneK (3.2.11), 
onpeAejieHHbix OTHOCHxejibHO noABHacHOH I aAanxHBHOH 

KOOpAHHaXHOH CHCXCMbl, H npOCXpaHCXBCHHblMH KOOpAHHa- 

xaMH xoneK (2.2.2), HMeroxca cjieAyioiuHe CBasyioiuHe coox- 
HomcHHa: 

4.(T)-0'(r) = a^.(r)-0,^:.(r)-0'(r) = ^^.(T)-0, 

4.(T)-0'(r) = Cy.(r)-0, /;.(r)-0'(r) = /,(T)-0, 

r^e HyjiH b npaBbix nacxax paBCHCXB aBjiaioxca npocxpan- 
cxBCHHbiMH KoopAHHaxaMH xoHeK ^^y (t ) = (o, T ) • ■ , a B JieBblX - 

npocxpaHcxBeHHbiMH KoopAHHaxaMH npeoGpasoBaHHbix xoHex: 

0^(r) = (o'(r),4,/• = W,7 = U;. 

TaKHM oGpasoM, na npHMepe npeoGpasoBanHH xohck 
(2.2.2), Mbi BHAHM, Hxo npH ABHaCCHHaX I aAanXHBHOH KOOpAH- 
HaxHOH CHCxeMbi aAanxHBHbie KOopAHHaxbi 3xhx xoneK, 

OCXaiOXCa HeHSMeHHblMH. 

OAHaKO OXHOCHXejIbHO AOnOJIHHXejIbHOH KOOpAHHaXHOii 

CHCxeMbi 3X0 yace ne xax (b 3xom cjiynae HeHSMeHHbiMH ocxa- 

lOXCa BpeMCHHbie KOOpAHHaXbl XOHCK (2.2.2)). 

^CHCXBHxejibHO, H3 (3.2.1) cjiCAyiox BbipaaceHHa: 

a'ij{T)=ay{T)+Aj{^), b'y{T) = by{T)+Aij{T), 

4(^) = qi(^o), /;(r) = /(^)+4,(r), (3.2.12) 

noAXBepacAaKDiuHe cxasaHHoe a-h^ npocxpaHCXBeHHbix KOopAH- 
Hax xoneK (3.2.11), onpeAeneHHbix oxHOCHxenbHO AonojiHH- 

XejIbHOH KOOpAHHaXHOH CHCXeMbl. 
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^jiH KaacAoro 4)HKCHpoBaHHoro MOMenxa BpeMCHH r eT , 
co6jiK)Aaa cooTBexcTBHa no HHAexcaM, AoGaBHM b KaacAyio h3 
CTopoH HepaBCHCTB (1.1.1) OAHy H xy ace BenHHHHy 4>(^), h 

yHHTbiBaa (3.2.12) nojiynHM cjieAyioiuHe HepaBencxBa 

«^- (^) = ^ij (7) + Ay (7) < 4- (^) = ^i/- (^) + ^i/- (^) = 

osHanaKDiuHe, hto oxHomeHHa nop^AKa (1.1.1) aBjiaroxca hh- 
BapHanxaMH npeoGpasoBanHH (3.2.1),(3.2.4) h (3.2.7). 

3x0 Bbixexaex xaxace h3 oGinero CBOHCXBa, cocxoainero b 
xoM, Hxo npH napajiJiejibHOM CABHre, ACHCXByioineM na 
ynop^AOHeHHOM MHoacecxBe (xaKOBbiM h aBjiaexca xaacAoe 
MHoacecxBO nonapno cpaBHHMwx xonex), xax oxHomenHa 
ynop^AOHeHHOCXH, xaK h cooxBCxcxByKDiuHe hm oxHomenHa 
nop^AKa MeacAy npocxpaHCXBeHHbiMH KOopAHHaxaMH nonapno 
cpaBHHMbix xoHCK, He Hapyuiaioxca. 

AHajiorHHHoe cbohcxbo HHBapHaHXHOCXH npHcyme k xaac- 
AOMy HenycxoMy noAMHoacecxBy nonapno cpaBHHMbix xonex. 

CjieAOBaxejibHO, npn HpeoGpasoBannax (3.2.1), (3. 2. 4) h 
(3.2.7) rpaHHHHbie xohkh AjAt) h Bjj[t) na KOopAHHaxHbix 

njiocKOCxax Xj- X tj- , GyAyHH cpaBHHMbiMH, npeoGpasyioxca b 

cooxBCxcxByioiuHe rpaHHHHbie xohkh A'jAt) h B'jAt) (na 

KOOpAHHaXHblX HJIOCKOCXaX X'jAt)x t'jAz) ) H, HpHHeM, XOHKH 

A'jAz) H B'jAz) 6yAyT naxoAHXbca cooxBexcxBenno ho jieByio 
H HpaByio cxopoHy OHXHMajibHoii hjiockocxh OpyT) , i = l,N , 
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OneBHAHO xaxace, hto npn jikdGom SHaneHMH BpeMeHH 
T e r TOHKH (x, T)^J e Xy x ty Vx e /,-,■ (r) = (a,-,- (r), ^,-,- (r)) npn 

npeoGpasoBaHHax CABHra h nepenoca (3.2.1),(3.2.4),(3.2.7) 
6yAyT HMCTb oGpasbi : 

(x^4eX^(r)x^^(r), 

npocxpaHCTBeHHbie KOopAHHaxbi Koxopbix Ges nponycKOB 
sanojiHax HHxepBaji x'e (0,^(7), ^,^(7)), i = l,N , j = \k^ . 

BBeAeM cjieAyioinee onpeAeneHHe. 

OnpeACJieHHe 3.2.1. JJjih Kaofcdbix (pUKCupoeanHux uh- 
deKCoe i u j , jiuhuto nepeceneHUH onmuManbHoii nnocKOcmu 

Op(T) c KOopduHaniHbiMU njiocKOcniRMU Xy x ty 6ydeM na- 

3bieamb ij - onmujuajibHOU eopusonmajibio, i = \,N, j = l,kj. 

CorjiacHO onpeACJieHHaM 2.2.2 h 3.2.1, ypaBHeHHC xaac- 
AOH ij - onxHMajibHOH ropHSOHxajiH na KOopAHHaxHOH njio- 

CKOCXH Xy X ty B KOOpAHHaxaX AOnOJIHHXejIbHOH KOOpAH- 

HaxHOH CHCxcMbi HMeex bha: 

(x,-yij,^)=(cn{to),-yij,^) reT. (3.2.13) 

Ho noBOAy ypaBHeHHa (3.2.13) cm. npHMenaHHe 13. 

Mbi onpeAejiHjiH npeoGpasoBaHHa (3.2.1),(3.2.4) h (3.2.7) 

B AOnOJIHHXejIbHOH KOOpAHHaXHOH CHCXeMe, H yBHACJIH, HXO 

npeoGpasycMbie xohkh, coAepacainHCca na KaKOH-jiH6o Koop- 
AHHaxHOH njiocKOCXH, H caMa 3xa njiocKOCXb npn ABHaccHHax 
BbipaBHHBaHHa ABHraKDxca KaK eAHHoe Liejioe. 

CoOXBCXCXBeHHO B KaaCAblH 4)HKCHpOBaHHbIH MOMCHX BpC- 

MeHH ACHCXBHaMH npeoGpasoBaHHH (3.2.1),(3.2.4) h (3.2.7) b 
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e I adanmueHOU KOopduHamHOU cucmeme 

npocxpaHCTBe i?3 ycTaHaBjiHBaexca eAHHCTBCHHaa reoMcx- 

pHHecKaa KOHcJjHrypaiiHa a-h^ noBcpxHOCXH BpeMeHH. 

OAHaKO, B oGmcM cjiynae, b I aAanxHBHOH KoopAHHaxHoft 
CHCxeMe He yAaexca AoGnxbca scJDcJDeKxa BbipaBHHBaHHa a-hs 
oGpasoB rpaHHHHbix xohck (no anajiorHH c oGpasaMH onxH- 
MajibHbix xoHex), nocKOJibKy npn 3xom xepaexca cbohcxbo 
onpeACJieHHOCXH reoMCxpHHecKOH KOHcJjHrypaiiHH noBcpxHO- 

CXH BpeMeHH. H Mbl BHOBb cxajiKHBaeMca C HpOXHBOpeHHeM, 

y>Ke OHHcaHHbiM b HpHMenaHHH 10. 

B cjieAyKDineM pasAene mm onpeAenHM HOByK) aAanxHB- 
Hyio KOopAHHaxHyio CHCxeMy. C ee HOMOinbK) b HOCJieAyio- 
iHHx pasACJiax ^aexca HenpoxHBopeHHBaa reoMexpHHecxaa 
HHxepnpexaLiHa peajiHsaiiHH ynpomaKDineH n^en, OHHcanHOH 
panee c noMOinbK) 4)opMajibHbix npeoGpasoBanHH (2.3.1)- 
(2.3.4). 

C reoMexpHHecKoii xohkh speHHa HOBaa KOopAHHaxnaa 
CHCxeMa 6yAex oxjiHHaxbca ox nepBOH pacnojioacennHMH oceM 
BpeMeHH. CooxBexcxBeHHO ABHacennH BbipaBHHBaHHa, koxo- 
pbie Mbi ocymecxBHM b hoboh KOopAHnaxHOH CHCxeMe, c 
xoHHOCXbK) AO pacnojioaceHHH ocefi BpeMeHH 6yAyx xaxHMH 
ace, KaKHMH mw hx OHHcanH Bbime. 

npHMCHaHHH: 

12. EcjiH OKa>KeTca, hto onTHMajibHaa xoHKa C,,(t)= (c,,(t), -y,,, t) 

B MOMCHT BpeMCHH Tj HaXOAHTCa Ha OnXHMajIbHOH BepxHKajiH Opix]^ ) , 

T.e. HMcex Mecxo paBCHCXBo: c,, (tj ) = cj j (/q ) , - xo ona ocxanexca na Heft 
H nocxe /leiicxBHH npeo6pa30BaHHH (3.2.1) b momchx Tj, nocKOxtKy 
corxacHO (3.2.2): 4y(Ti)=0. 
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13. TeopcMa 3.2.1. Ypaenenuii (3.2.13) nennmmcn UHeapuaHmamu 
maK deuowenuu eupaenueanuH (3.2.1), (3. 2. 4) u (3.2.7), kqk u coomeem- 
cmeyjotqux (no undeKcaju) (popjuajibnux npeo6pa3oeanuu (2.3.1) u 
(2.3.2). 

/loKasaxejibCTBO. Hcnojibsya to, hto na MH05KecTBe nepeceneHHH 
0/)(r)n (xMtjx /,',(t)J SHaneHHa npocxpaHCXBeHHbix KOopAHnax xohck 

C,',(t)= (cJ, (t), t) , b CHjiy (3.2.3), aBjiaioxca nocxoHHHbiMH: 

4(^)=cii(?o) Vrer, 

KOopAHHaxHbie njiocKOCXH X jj X /,, b onpeAeneHHH 3.2.1, MoacHO paB- 

HOijeHHbiM o6pa30M saMenaxb cooxBCxcxByioiHHMH (no HH/ieKcaM) Koop- 
/IHHaxHbiMH njiocKOCxaMH X'jj (t) X /^, (t) Vt e r . 

Ilocjie peajiHsaijHH /ibhjkchhh BbipaBHHBaHna, vsoKjian ij - onxn- 
MajibHaa ropHSonxajib Oy^ex cocxoaxb h3 oahhx npeo6pa30BaHHbix onxn- 
MajibHbix xoHCK C'jAz). CjiCAOBaxejibHO, na KOopAHnaxHbix njiocKOCxax 

X'jj[T)xt'jj[T) VreT ypaBHCHHe Kaayion ij - onxHMajibHoii ropnsoH- 

XajIH, B KOOpAHHaxaX ^OnOJIKHXejIbHOH ASKapXOBOH KOOpAHHaXHOH CH- 

cxeMbi, npHMCx bh/i 

(x', -y,j,T)=[cu{to), -y,j,r) zeT. (3.2.14) 

CpaBHHBaa (3.2.13) h (3.2.14), a xaK5Ke, ynnxbiBaa cooxHomenHH 
(2.3.8) HjiH (2.3.9) y6e5K;iaeMca b cnpaBeAJiHBOCXH xeopcMbi. 
TeopeMa AOKasana. 

3.3. BTOPAJI AAAniHBHAJI 

KOOPAHHATHAJI CHCTEMA 

BciOAy Aajiee npeAnojiaraexca, hto I aAanxHBHaa KOopAH- 
HaxHaa CHCxeMa ne yHacxByex Gojiee b KaKHx-jiH6o npeoGsoBa- 

HHaX KOOpAHHaX, H nOCXOaHHO HaXOAHXCa B HCXOAHOM Heno- 

ABH5KH0M nojioaceHHH. TeM caMbiM, 3xa KOopAHHaxHaa CHCxe- 
Ma «jiHmaexca» CBoiicxBa aAanxHBHOCXH. 
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HcxoA^ H3 3Toro, Aajiee I aAanxHBHyio KOopAHHaxHyio ch- 
CTeMy GyACM nasbiBaxb npocxo nepeoii KOopduHaniHoii cu- 
cmeMoii, h HcnojibsoBaxb KOHCxpyKXHBHbie sjieMenxbi 3xoh 
KOopAHHaxHOH CHCxeMbi B KaHecxBe HenoABHacHbix npocxpan- 

CXBCHHblX OpHeHXHpOB, HapaBHC C SJieMCHXaMH AOnOJIHHXejIb- 
HOH KOOpAHHaXHOH CHCXCMbl. 

Bee onHcaHHbie ao chx nop npeoGpasoBanHa ne OKasw- 
BajiH BjiHaHHa Ha BpeMeHHbie KoopAHHaxbi xoneK. FeoMexpH- 
necKH 3X0 osHanajio, hxo b KaacAWH momchx BpeMeHH z npe- 
oGpasoBaHHa ocymecxBjiajiHCb na njiocKOCXH, napanjiejibHOH 
HecymeH njiocKOCXH h yAaneHHOH ox nee na BenHHHHy t -tQ. 

OnpeACJieHHe 3.3.1. UjiocKOcmb, Komopan napajiJiejibHa 
necyufeii riJiocKOcmu u codepjfcum onmuMajibHyw eepmuKajib 
Opij), nasoeeju z - necyufeu rmocKOcmbio. Ecjiu z HejiHemcH 
meKyufUM snaueHueM epemenu, mo coomeemcmeywu^yio z - 
Hecyufyw njiocKOcmb dydem nasbieamb meKyufeu z - Hecyu^eii 

WlOCKOCmbH). 

Tenepb, HCxoAHyio Hccymyio njiocKOCXb mojkcm nasbiBaxb 
xaK>Ke tQ- Hccyujeii njiocKOcmbio . 

B CBasH c onpeACJieHHeM 3.3.1 cm. npHMenaHHe 14. 

HoByK), BxopyK) aAanxHBHyK) KOopAHHaxHyio CHCxeMy mm 
6yAeM cxpoHXb na ocHOBe reoMCxpHHecKOH KOHCxpyKiiHH I ko- 

OpAHHaXHOH CHCXeMbl. 

KoopAHHaxHbie och BpeMCHH H He BpeMeHHbie koopah- 
naxHbie och na Hecymen hjiockocxh hoboh aAanxHBHOH ko- 

OpAHHaXHOH CHCXCMbl, COOXBeXCXByKDIUHC HpOHSBOJIbHO Bbl- 

GpaHHOMy MOMCHxy bpcmchh tg (-00,00), oGosnannM chm- 
BOJiaMH t*j{z) H X*(r), i = l,N , j = l,kj , cooxbcxcxbchho. 
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npHMCM, HTO KOopAHHaxHbie OCH ^;*(t) h X*{t) pacnojia- 
raiOTca Ha cooTBexcTByKDineH (no HHAeKcaM) KOopAHHaxHOH 

njIOCKOCTH Xij X tij nepBOH KOOpAHHaXHOH CHCTCMbl. 

CHHxaeM, HTO xaK jiroGwe napw ocefi % h 4(^), Rax h jikd- 

6bie napw ocen Xij n X*{t) napajijiejibnbi MeacAy co6oh h 

opneHTHpoBanbi OAHnaKOBO. 

CjieAOBaxejibHO, b KaacAwn (JDHKcnpoBanHbin momcht Bpe- 
Menn r na KOopAHnaxHOH njiocKOCxn X^y xtij Bcaxaa napa 

ocen t^jir) n -^,*(7) 5yAyT opToronajibHbiMn n, ecTecTBenno, 
nepeccKyxca b oahoh xoHKe, Koxopyio mw oGosnannM chmbo- 
jiOM 0*(r). 

KoopAHHaxHbie njiocKOCxn, «o6pa30BaHHbie» KOopAHnax- 
HbiMH ocaMH X*{t) h 4(^) GyACM o6o3HaHaxb CHMBOJiaMn: 

ToHKy 0*(t), nocjie naAJieacamero onpeAejienna ee Koop- 
AHHax, GyACM cnnxaxb HanajiOM Koopdunam (nun nanajibHOU 
moHKOu) na KOopduHamHoii nnocKOcmu X*j\T)y.t*j{z), coom- 
eemcmeyioiqeu MOMenmy epemeHU z . 

npHMCM, HXO B KaaCAblH (JDHKCHpOBaHHblH MOMeHX BpeMCHH 

teT HanajibHaa xonxa 0*(t) na KOopAHnaxnon njiocKOCxn 

Xij Xtj- OXHOCHXejIbHO I KOOpAHHaXHOH CHCXCMbl HMcex cjie- 

AyKDinne KOopAHnaxbi: 
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Olj{T)=(c,j{T),t,\, i = \N, j = lj,. (3.3.1) 

npHMCM xaxace, hto eAHHHiibi HSMcpeHHa Bcex KOOpAH- 

HaxHbix oceH BpeMeHH t^^ h 4(^) VreT, OAHHaKOBbi. Ana- 

jiorHHHO, npeAnojiaraeM paBHbiMH ajihhm ejxaYmu, HSMepeHHa 

Bcex KOopAHHaxHbix oceH Xij H X*{t) VzeT, i = l,N, 

Ho anajiorHH c I KOopAHHaxHOH CHCxeMOH, mhojkccxbo 
napajiJiejibHbix KOopAHHaxHbix njiocKOCxeH 

X;.(r)x4(r),/ = i:iV,7 = U;, 

B Ka^KAWH 4)HKCHpoBaHHbiH MOMeHx BpeMCHH T eT oGpasyiox 
eAHHyK) KOopAHHaxHO-HSMcpHxejibHyK) CHCxeMy. CoBOKyn- 
Hocxb xaKHx HSMepHxejibHbix CHCxeM Mbi HasoBeM emopoii 
adanmueuou KOopduHamnou cucmejuou. 

ToHKH KOopAHHaxHbix njiocKOCxcH X*(r)x^*(r) o6o3Ha- 

HHM CHMBOJiaMH BHAa: 

F;=F;{T)={q\Tl. (3.3.2) 

PastacHeHHa K sanHCH (3.3.2) noHXH ne oxjiHHaroxca ox 
pastacHeHHH, npHBCAeHHbix panee k npaBHjiy sanncH (2.2.1) 
(cxp. 72-73). A HMCHHO, ecjiH b sanncH (2.2.1) saMCHHM xpyr- 
jibie ckoGkh 4)HrypHbiMH, a b pastacneHHax k (2.2.1) (JDop- 
MajibHO npoHSBeACM cooxBexcxByioiuHe saivieHbi t-j \-^ t*[T) h 

X-j h- > X*(t), xo b Hxore, npn jikdGom (JDHKCHpoBaHHOM snane- 

HHH BpeMeHH T HOJiyHHM HOJIHblH XeKCX paStaCHeHHH K Hpa- 

BHjiy saHHCH (3.3.2), Koxopoe h 6yAeM ynnxbiBaxb npn sanncH 
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KOOpAHHaX JIK)60H TOHKH OTHOCHTCJIbHO II aAanXHBHOH KOOp- 
AHHaXHOH CHCTCMbl. 

ByKBeHHbie oGosHaneHHa tohck bo II aAanxHBHOH Koop- 
AHHaxHOH CHCxeMC GyACM OTMCHaxb SBesAOHKaMH. HnorAa 
SBesAOHKOH GyACM OTMenaxb xaxace npocxpaHCXBeHHbie a^an- 

XHBHbie KOOpAHHaXbl 3XHX XOHeK. 

Tenepb, corjiacHO (3.3.2) b KaacAWH MOMenx BpeMeHH z 
Hanajio KOopAHHax (3.3.1) na KaacAOH KOopAHHaxHOH njiocKO- 

cxH X*(t)x^*(t) MoaceM oGosHanaxb xaxace chmbojiom 

0*(t)={c;.(t),?oL, '- = 1:^, J = \k,. (3.3.3) 

ToHHoe onpcAejieHHe KOopAHnaxbi c* (r) Aano HHace. 
3anHCb BcaKOH xohkh b bhac (3.3.2), x.e. b KOopAHHaxax II 

aAanXHBHOH KOOpAHHaXHOH CHCXeMbI, He npHBOAHX K HeAO- 

pasyMeHHaM, ecjiH ynecxb, hxo, npHMenaa npucM, CBasaHHbiH 

C (JDOpMajIbHbIM OxGpaCblBaHHCM SBeSAOHCK H SaMeHOH (JDHiyp- 

Hbix CK060K KpyrjibiMH CKoGxaMH, Mbi nojiyHHM sanHCb coBna- 
AaiomeH c Hen xohkh (3.2.1) b KOopAHHaxax I KOopAHHaxHoii 

CHCXeMbl. 

OAHaKO 3X0, ecxecxBeHHO, hc oGecnenHBaex coBnaACHHa 
HHCJieHHbix SHaHCHHH npocxpaHCXBeHHbix aAanxHBHbix Koop- 

AHHaX 3XHX XOHCK. ^CHCXBHXejIbHO, B COOXBeXCXBHH C BblUie- 

CKasaHHbiM o pastacHeHHax k sanncH (3.3.2), paBCHCxBa BH^a 

6yAyx osHanaxb, hxo xohkh F*{t) h ^^(r), naxoAaiUHeca na 
nepeceneHMH z - Hecyineii njiocKOCXH h KOopAHHaxHOH njio- 

CKOCXH X*(t)x^*(t) (hJIH COOXBeXCXBeHHO Xy Xty), COBMe- 
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maiOTca, H B MOMCHT BpeMeHH T MeacAy HHCJieHHbiMH SHane- 
HHaMH npocxpaHCTBeHHbix aAanxHBHbix KOopAHHax, oneBHA- 
Ho, HMeex Mecxo cjieAyioinaa (popMyjia nepexoda: 

q'=q-c,j{T). (3.3.4) 

OopMyjia (3.3.4) nosBOJiaex a-h^ xaacAOH xohkh ocyme- 
cxBHXb nepexoA ox ee npocxpaHCXBeHHbix KOopAHHax oxhoch- 
xejibHO nepBOH KOopAHHaxHOH CHCxeMbi K ee npocxpaHCXBen- 

HblM KOOpAHHaxaM OXHOCHXejIbHO BXOpOH aAanXHBHOH Koop- 
AHHaXHOH CHCXeMbl. 

OdpanmaH (popMyjia nepexoda Meac^y HHCJieHHbiMH sna- 
HeHHaMH cooxBexcxByKDinHx npocxpaHCXBeHHbix KOopAHHax, 
coBMemaKDinHxca b MOMenx BpeMeHH r xoneK, oneBHAHO, 6y- 
Aex HMexb bha: 

q = q* +Cij{T). 

OGpaxHOH (JDopMyjiOH nepexoAa, A-na Ka>KAOH xohkh ocy- 
mecxBjiaexca nepexoA ox ee HpocxpancxBenHbix KOopAHnax 
oxHOCHxejibHO II aAanxHBHOH KOopAHnaxHOH CHCxeMbi k ee 

HpOCXpaHCXBeHHbIM KOOpAHHaxaM OXHOCHXejIbHO I KOOpAH- 

HaxHOH CHCxeMe. 

B HacxHOCXH, yHHXbiBaa (JDopMyjiy (3.3.4), h co6jiK)Aaa 
cooxBexcxBHa ho HHAexcaM h BpeMeHH, h3 cpaBHenna cob- 
HaAaKDinHx HanajibHbix xonex (3.3.1) h (3.3.3) HMeeM, hxo 
oxHOCHxejibHO II aAanxHBHOH KOopAHnaxHOH CHCxeMbi na Bca- 

KOH KOopAHHaxHOH HjiocKOCXH X * (t ) X ^ * (r ) VzeT, cnpa- 

BeAJiHBbi cjieAyKDinne pabencxBa: 

c;.(t) = Vrer, / = W, 7 = 1^. (3.3.5) 

HapHC.8 HpHBeACHO cxeMaxHHHoe HSoGpaacenne BxopoH 
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aAanxHBHOH KOopAHHaxHOH CHCxeMbi B HanajibHWH MOMenx 

BpeMCHH. 

SaMeHQHue o nyjiHX 

PaBCHCTBO (3.3.5) osHanaex, hto paccxoaHHC ox xohkh c npocxpan- 

CXBCHHOH KOOpAHHaXOH q* = C*\t) JIQ COOXBCXCXByiOIHeH KOopAHHax- 
HOH OCH BpeMCHH t'^jir) B MOMCHX BpCMCHH T HHCXeHHO paBHO HyXK). 

H3 o6paxHOH (J)opMyxbi nepexoAa cxe^yex, hxo xa 5Ke HpocxpaHCXBen- 

Haa KOOpAHHaxa B MOMCHX BpeMCHH T OXHOCHXeXtHO /lOnOXHHXeXbHOH 
KOOpAHHaXHOH CHCXCMbl HMCCX HHCXeHHOe SHaHCHHe: 

q = Cy{T). 
Cxe^ya pastHCHeHHflM k sanncH (3.3.2), M05KeM noxaraxb, hxo 
0* =0, HXH 0*(t) = b cxynae, ecxH hsbccxho, hxo xoHKa c nyxcBOH 
npocxpaHCXBeHHOH KOopAHHaxHoii naxoAHxca na nepeceHeHHH och Bpe- 
MCHH t*\T) C T - HeCyHICH HXOCKOCXbK). HpH 3X0M HC CJlQJiJQT 3a6bl- 

Baxb, HXO HpHBCAeHHbie Bbime (J)opMyxbi nepexo/ia oxHOcaxca xoxbKO k 
coenadamiquM xoHKaM, saHHcannbiM cooxbcxcxbchho b pasxHHHbix 
o6o3HaHeHHax KOop^Hnax oxHOCHxexbHO AByx KOop^HHaxHbix chcxcm. 

PaBencxBa 0*=0 h 0*(t) = hc hmciox HenocpeACXBCHHoro oxHome- 
HHa K (})opMyxaM nepexo^a, ohh, corxacHO pasiacHCHHaM k sanncH 
(3.3.2), Bcero xHinb noxxBep5Kxaiox «3aK0HHbie npaBa» xohck oceii Bpe- 

MeHH tJAz), HMexb HHCXCHHO HyxcBbic npocxpaHCXBCHHbie KOOpAHHaXbl 

OXHOCHXeXbHO II axanXHBHOH KOOpAHnaXHOH CHCXCMbl. 

rpaHHHHbie H onxHMajibHbie xohkh (2.2.2) (cxp.74) oxho- 
CHxejibHO II aAanxHBHOH KOopAHHaxHOH CHCxeMbi Moryx 
6bixb 3anHcaHbi b BHAe: 

4(r)4j(4rj^,5*(r)=fe(r),rj^, 

C*(T)=^J(r),rJ^. (3.3.6) 
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Puc.8. Bo3M05KHbie noji05KeHHa KOopAHHaxHbix occH II a/ian- 

THBHOH KOOpAHHaXHOH CHCTCMbl OTHOCHXejIbHO I KOOpAHHaXHOH CHCXe- 

Mbi B HanajibKbiH MOMCHT BpeMCHH. B o6ineM cjiynae KoopAHHaxHbie 

OCH II a/ianTHBHOH KOOpAHHaXHOH CHCTCMbl BO BCaKHH MOMCHT BpCMC- 
HH MOryT SaHHTb B npOCTpanCTBC HOBMC nOJI05KCHHa, cootbct- 
CTByiOIHHC npOCTpaHCTBCHHbIM KOOp^HHaTaM OnTHMajIbHblX TOHCK OT- 
HOCHTCJIbHO I KOOpAHHaTHOH CHCTCMbl. 
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Tax KaK HMeiOT Mecxo cjieAynDiuHe paBencxBa: 

A,j{t) = J^j{t),B,j{t) = BI{t) VzeT, 

TO cpaBHeHHa sanHceH (2.2.2) h (3.3.6), c ynexoM (JDopMyjiw 
nepexoAa (3.3.4), mJXyT HaM cjiCAyioiuHe cooxHomeHHa: 

OTKyAa, c ynexoM oxHomeHHH nop^AKa (1.1.1), hmccm 

a*(T)<0, **(t)>0 VzeT, i = \N, j = \J, . (3.3.S) 

IIpHHHMaa BO BHHMaHHC saMeHaHHe o Hyjiax, HepaBeH- 
CTBa (3.3.8) MoacHO npeACxaBHXb xaKace cjieAyiomHM 3KBHBa- 
jieHXHbiM oGpasoM: 

a;.(T)<0*(r), **(r)>0*(r) VteT, i = Ui , j = lj, . 

H3 (3.3.5) H (3.3.8) cjiCAyex, hxo 

a*(T)<c*(r)<Z>;.(T) Vrer, i = \N , j = \F, . (3.3.9) 

HepaBeHCXBa (3.3.9) osHanaiox, hxo oxHomeHHa nopa^Ka 
(1.1.1), KaK H cjieAOBajio oacHAaxb, ne xojibko coxpanarox CHjiy 
npH nepexoAC ox KOopAHHax nepBOH, k cooxBexcxByKDinHM 

KOOpAHHaxaM BXOpOH aAanXHBHOH KOOpAHHaXHOH CHCXeMbI, 

HO eme h npnoGpexaiox AonojiHHxejibHoe cbohcxbo (3.3.8). 
Mbi saBepuiHjiH onncaHHe II aAanxHBHOH KOopAHHaxHofi 

CHCXCMbl. 

BaacHoe oxjihhhc II aAanxHBHOH KOopAHHaxHOH CHCxcMbi 
ox nepBOH cocxoHx b xom, hxo SACCb B oGineM cjiynae jiioGaa 
onxHMajibHaa xoHKa, corjiacHO (3.3.5), pacnojiaraexca na ne- 

KOXOpOH KOOpAHHaXHOH OCH BpeMeHH. 3x0 HCoGblHHOe CBOH- 
CXBO oGecncHHBaexca naAJieacainHMH ABHJKCHHaMH KOopAH- 

HaXHblX OCCH H njIOCKOCXCH HOBOH KOOpAHHaXHOH CHCXCMbl. 
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^pyroe OXJIHHHe MeiK^y 3THMH AByMa KOOpAHHaXHblMH CH- 

cxeMaMH npoaBjiaexca b tom, hto b oGiucm cjiynae HCxoAHwe 
nojioaceHHa BpeMeHHbix ocefi b hoboh KOopAHHaxHOH CHCxeMC 
onpeAejiaKDT b npocxpancTBe noBcpxHOCXb, a ne njiocKOCXb 
BpeMeHH, KaK 3xo no onpeAeneHHio hmcjio mccxo b I KOopAH- 
HaxHOH CHCxeMe. 

L|,ejib ABHaccHHH BbipaBHHBaHHa, ocxaexca npeacHCH, x.e. 
xaKOH ace, xax b pasAene 3.2, xojibKO na 3xox pas npeoGpaso- 
BaHHa BbipaBHHBaHHa ocyinecxBjiaioxca B KoopAHHaxax II 
aAanxHBHOH KOopAHnaxHOH CHCxeMbi. 

Mbi yBHAHM, Hxo npH ocymecxBjieHHH ABHaceHHH BbipaB- 
HHBaHHa noBepxHOCXb BpeMeHH c HepeMeHHOH KOHCJDHrypa- 
ijHeH npeoGpasoBbiBaexca b HeHOABHacnyio njiocKOCXb BpeMe- 
HH, a He naoGopox, xax 3xo HMeno Mecxo a-h^ I KoopAHnaxHOH 
CHCxeMbi. CoGcxBeHHO, B 3X0M H saKjiiOHaexca xpexbe oxjinnne 
MeacAy AByMa KoopAHnaxHbiMH CHCxeMaMH. 

Ilocjie ocymecxBjieHHa ABHacennH BbipaBHHBanHa, no- 
ABHJKHaa II aAanxHBHaa KOopAHHaxnaa CHCxeMa xpanccJDop- 
MHpyexca K HenoABHacHOH KOopAHnaxHOH CHCxeMe. HMeHHO 
3xa HOBaa KoopAHHaxHO-HSMepHxejibHaa CHCxeMa, nasBaHHaa 
npeoGpasoBaHHOH aAanxHBHOH KOopAHnaxHOH CHCxeMOH, nos- 
BOJiaex HaM AoGnxbca HenpoxHBopeHHBOH peajiHsaiiHH HAen 
ynpomeHHa npoiiecca cjieaceHHa, onHcaHHOH b npeAfciAymeH 
rjiaBe. 

npHMCHaHHe 14: 

H3 onpeACJieHHa 3.3.1 ohcbh/iho cjiCAyex, hto BpeMeHHbie Koop- 

AHHaXbl BCeX TOHCK T - HCCyiHeH njIOCKOCTH HMCIOT OAHHaKOBOe 

HHCJiCHHoe SHaHCHHe. Hmchho 3X0 o6cToaTejibCTBO cosAaex hckhh 
npoHSBOJi, no3BOJiaK)iHHH HaM /ijia pacHOJioJKCHHa oceii bpcmchh bbiOh- 
paxb B KanecTBe oxnpaBHbix pasjiHHHbie reoMexpHHecKne Mecxa b npo- 
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cxpaHCTBe, coxpanaa npn 3tom HCHSMenHbiMH opneHTaiiHH h napan- 

JiejIbHOCTb 3THX OCeil, H, COOTBeXCTBeHHO CaMO npaBHJIO HSMCpCHHa 
BpeMCHHblX KOOpAHHaX. 

B HTore, BpeMCHHbie KOopAHHaxbi tohck hc MCHaiOTca npn nepexo- 
AC ox OAHOH a/ianTHBHOH KOopAHHaxHOH CHCTCMbi K /ipyroH a/ianTHB- 
HOH KOopAHHaxHOH CHCxeMe, pasjiHHaioiHHxca HCxoAHbiMH npocxpan- 
cxBeHHbiMH pacnojioaceHHHMH oceii BpeMCHH. 

Ahohcom oxmcxhm, hxo b IV rjiaBC paccMOxpenbi ynpomaioiHHe 
KapxHHbi Ha6jiiOAeHHa npeo6pa30BaHHa /ijia oceii bpcmchh, OKasbiBaio- 
mne BjiHaHHC na cnoco6 onpeAeneHHa BpeMCHHbix KOopAHnax xoneK. 

3.4. flBH5KEHHJI BLIPABHHBAHHJI 
BO II AAAniHBHOH 
KOOPAHHATHOH CHCTEME 

Mbi, no anajiorHH c pasACJiOM 3.2, HSMenHB tojibko one- 
peAHOCTb onHcaHHa npeoGpasoBanHH, onpeACHHM ABHacenHa 
BbipaBHHBaHHa CHaHajia AJia KoopAHHaxHbix ocefi BpeMCHH: 

^(t)^^*', (3.4.1) 
aaxcM AJi^ KOopAHHaxHbix ocefi necyineH njiocKOCXH: 

Xj(r)^X*', (3.4.2) 

H, HaKOHeii, AJi^ xoneK KOopAHHaxHbix njiocKOCxcH II a^an- 

XHBHOH KOOpAHHaXHOH CHCXCMbi: 

X*(T)xr*(T)^X;.'x4', rer, i = \N , 7 = 1^. (3.4.3) 

^BHaCCHHa BbipaBHHBaHHa, OCyiHeCXBHaeMblC COBOKynHO- 

cxbK), AOJiJKHbiM oGpasoM onpeAejiCHKbix npeoGpasoBanHH 
(3.4.1)-(3.4.3), no3BOJiaK)x, xax 3xo mm yBHAHM, nojiHOCXbio 
peajiHSOBaxb scJDCJDeKx «xaHLiyK)ineH» axaacepxH, onHcaHHbm 
panee b pasAene 3.1. 
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Ho onpeAejieHHK), ABHaccHHa BwpaBHHBaHHa (3.4.1) b xaac- 
AbiH MOMeHT BpeMeHH T aBjiaKDTca npeoGpasoBaHHaMH XaKHX 
napajiJiejibHbix nepenocoB ocefi BpeMCHH, npn KOTopwx xaac- 

Aaa ocb BpeMeHH ^,*(t) nyxeM HapanjiejibHoro Hepenoca co- 
BMemaexca c ij - onxHMajibHOH ropHSOHxajibK). HoaxoMy Bce 
ij - onxHMajibHbie ropHSOHxanH, nenoABHacHbie no onpeACJie- 
HHK) 3.2.1 (cxp.106), B pesyjibxaxe ACHCXBHa npeoGpasoBaHHH 
(3.4.1) npHo6pexaK)x cxaxyc nenoABHacHbix npeoGpasoBanHbix 

OCeH BpeMeHH, HMeiOIUHX (JDHKCHpOBaHHbie HpocxpaHcxBeHHbie 

HOJioaceHHa. CjieAOBaxejibHO, b AajibHenmeM hx mo5kho o5o- 
snanaxb 6e3 yxasaHHa saBHCHMOCXH ox BpeMeHH, nanpHMep, 
cooxBexcxByKDinHMH, H yace HCHOJibsoBannbiMH Bbime, chmbo- 

jiaMH tij\ i = l,N , j = l,kj . CooxBexcxBeHHO, caMa onxHMajib- 

Haa HjiocKocxb Op\T) B pesyjibxaxe achcxbhh npeoGpaso- 
BaHHH (3.4.1)-(3.4.3) naAejiaexca cxaxycoM hoboh hjiockocxh 
BpeMeHH (x.e. cxanoBHxca HOCHxeneM a-h^ KOopAHnaxHbix ocen 
BpeMeHH). 

OnpeAejieHHe 3.4.1. OnmuManbHyio nnocKOcmb Op{T) , 
HadejieHHyw deiicmeuHMU npeodpasoeanuu (3.4.1)-(3.4.3) 
cmamycoM rmocKOcmu epejuenu dydem Hasbwamb onmu- 
MajibHoii njiocKOcnibK) epeAienu u odosnaMamb cumbojiom 

Op'{T). 

fljiH OHHcanna npeoGpasoBanHH (3.4.1) naM npeABapn- 
xejibHO HyacHO snaxb KOopAHHaxbi xonex ocefi BpeMeHH t*j{T) 

H tij ' OXHOCHXejIbHO II aAaHXHBHOH KOOpAHHaXHOH CHCXeMbl. 
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KajKAaa ocb BpeMeHH ^,y(T), cooTBexcTByioinaa MOMCHxy 

BpcMCHH T , no onpeAejieHHK) opxoroHajibHa k necymeH njio- 
CKOCTH H nepeceKaexca c Hen b cooxBexcTByioineH HanajibHOH 
xoHKC. OxKy^a, c ynexoM KOopAHnax cooxBexcxByioineH no 
HHAeKcaM H BpcMenn naHajibnon xohkh (3.3.3), saKjiiOHaeM, 

Hxo ocb t*i{T) H T- necymaa njiocKOCXb nepeceKaroxca b 

XOHKC C KOOpAHHaxaMH |c*(t), t\ HJIH, B 3KBHBajieHXH0H 3a- 

nncH (c ynexoM saMenanna o nyjiax ns pasACJia 3.3), b xohkc c 



KOopAHHaxaMH |0*(t), tL = {O, tL oxHOCHxejibHO II aAanxHB- 

HOH KOOpAHHaXHOH CHCXCMbl. 3xa ace XOHKa HMcex KOOpAH- 

naxnyK) sanncb b bhac \Cij\r), -yy, t) oxnocnxejibno Aonoji- 

HHXejIbHOH KOOpAHHaXHOH CHCXeMbI, HJIH \CjAt), TJ.. OXHOCH- 
XejIbHO I KOOpAHHaXHOH CHCXCMbl. 

BpcMCHHaa ocb tjj ' H r - Hccymaa njiocKOCXb, corjiacno 
ypaBHCHHK) ij - onxHMajibHOH ropnaoHxajin (3.2.13) ncpccc- 

KyXCa B XOHKC C KOOpAHHaxaMH (cii(?o)' ~ yij' ^) OXHOCHXCJIbHO 
AOnOJIHHXCJIbHOH KOOpAHHaXHOH CHCXCMbl HJIH, XO >KC CaMOC, C 

KOopAHHaxaMH (cn(^), t).. oxHOcnxcnbHO I KOopAHHaxHon 

CHCXCMbl. 3xy xoHKy, cornacHO pastacHcnnaM k sanncn 
(3.3.2), B KOopAHHaxax II aAanxHBHoii KOopAHHaxHoii chcxcmm 



MOJKHO sanncaxb b bhac jcnvo), tJ^.., tac cornacHO (JDopMync 
ncpcxoAa (3.3.4): 
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TaKHM oGpasoM, b CHjiy npoHSBOJia SHaneHMH BpeMeHH, 
napajiJiejibHbie nepenocbi (3.4.1) bo II aAanxHBHOH KOopAH- 

HaXHOH CHCXeMe MOJKHO BbipaSHXb CJICAyiOIUHMH nOXOHCHHbl- 

MH CABHraMH xoneK ocefi BpeMeHH ^* (r) : 

k(^)' Aj + k(^)' Aj = Wi(^o). 4-, (3.4.4) 

oxKyAa, HaHAeM b ^bhom BH^e (Jjyhklihh CABHroB ^At) npn 

cooxBexcxByioinHx SHaneHHax HHAeKCOB h BpeMeHH (cm. npn- 
Menanne 15): 

4j{t) = c;M-c:j{t), TeT,i = lJ^,j = lj;. (3.4.5) 

CorjiacHO 4)opMyjiaM nepexoAa (3.3.4), paBencxBaM (3.3.5) 
H oGosHaneHHaM (3.2.2), h3 (3.4.5) HMeeM 

4{T) = c;M = Cu{to)-Cy{T)= Aj{t), (3.4.6) 
rm zeT, i = \N, j = \J, . 

IlyxeM npHMeneHHa npneMa (j^opManbHoro oxGpacwBaHHa 
SBesAoneK h saMenoH 4)HrypHbix ckoGok KpyrjibiMH CKoGxaMH 
(cxp.112), npeoGpasoBaHHa (3.4.4) b KOopAHHaxax I koopah- 
HaxHOH CHCxeMbi Moryx 6bixb sanncaHbi b cjieAyioineM BH^e 

b(0. ^\ +(4(0- ^\ = (^ii(^o). 0,- , (3.4.7) 

TAe zeT, i = \N, j = \k, ■ 

O cpaBHeHHH (JDopMyji (3.4.4) h (3.4.7) cm. npHMenaHHe 16. 
Tax KaK KaacAaa ocb BpeMCHH t*j{z) opxoroHanbHa k necy- 

mcH njiocKOCXH H ncpeccKaex ee b HanajibHOH xohkc (3.3.3), 
xo cooxBCxcxByioiuHe napanjiejibHbiM nepenocaM (3.4.1) cabh- 
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TH HanajibHbix xoneK II aAanxHBHOH KOopAHHaxHOH CHCxeMw, 
AJia npoHSBOJibHO (JDHKCHpoBaHHoro MOMeHxa BpeMeHH r , H no 
anajiorHH c npeoGpasoBaHHaMH (3.4.4), MoacHO onncaxb cjie- 

AyKDIUHMH COOXHOmeHHaMH: 

k(^)' ^ol,. + {4(^). ^ot,. = ki(^o). ^oi- , (3.4.8) 

TAC rer, i = \N, j = \k, ■ 

CjieAyex o6paxHXb BHHMaHHC na xo, hxo no npHnnnaivi, 
nepeHHCJiennbiM panee b pasAene 3.2 (Kacaxenbno cxoACXBa 
(JDopMyji (3.2.1) H (3.2.4)), b oGineM cjiynae 4)opMyjibi CABnra 
(3.4.8) ne Moryx 6bixb BbiBCAenbi ns (JDopMyji (3.4.4) npocxon 
noACxanoBKOH t =tQ . 

Ho anajiornn c pasAenoM 3.2, b cbokd onepeAb cooxnome- 
HHH (3.4.8) nosBOJiaiox naivi, aji« xaacAoro MOMcnxa BpeMenn 
z , onpeACJinxb cooxBexcxByroinne CABnrn (3.4.2), xonex ko- 

opAHnaxHbix ocen X*(t), coraacoBannbie (ncKjiKDHaKDinne ac- 

(JDopMaiiHH H HSMenenna opnenxaitHH ocen) c napajiJiejibnbiMn 
nepenocaMH ocen BpeMenn (3.4.1): 



.'o)„-(4(4^o4.=K'. ^oi,-, (3.4.9) 

r^e |x ,^o|;- ~ nponsBOJibnaa xonxa na KOopAHnaxnon ocn 
X*\t), Koxopaa B MOMenx BpeMenn t oxoGpaacaexca BsanM- 
nooAHOsnannbiM oGpasoM b xonxy |x*',^ojr o^^ -^V ' 

J\fl5i xoro Hxo6bi ABnacenna (3.4.4) n (3.4.9) KOopAHnax- 
nbix ocen ne BbisbiBann nsMenenna nncjiennbix snanennn npo- 
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CXpaHCTBeHHblX KOOpAHHaX TOneK KOOpAHHaXHblX njIOCKOCXeH 

BO II aAanxHBHOH KOopAHHaxHOH CHCxeMe, HyacHO, hxoGm 
CABHrH (3.4.3) AJi^ 3XHX xoHCK npoHCxoAHJiH no npaBHjiaM, 
ycxanaBUHBaeMbiM cjicayioiuhmh cooxHomeHHaMH: 



^4■n4(4%■ = K''4■' (3.4.10) 

r^e )x , T (■■ - npoHSBOJibHaa xonxa na jihhhh nepeceneHHa 

KOOpAHHaXHOH njIOCKOCXH X * (t ) X ^ * (t ) H T- HecyincH njio- 
CKOCXH, Koxopaa b MOMenx BpeMeHH z oxoGpaacaexca BsaHM- 

H00AH03HaHHbIM oGpaSOM B COOXBeXCXByiOIHyK) XOHKy 

|x ', 7L Ha JIHHHH HepeceneHHa hjiockocxh X^'x^y' ii z- 
Hecymen hjiockocxh, i = \,N , j = l,k^ . 

^BHaCCHHa BbipaBHHBaHHa (3 .4. l)-(3.4.3) HOUHOCXbK) OH- 

pcAenaioxca cooxBCxcxByioinHMH (JDopMyjiaMH npeoGpasoBa- 
hhh(3.4.4),(3.4.9)h (3.4.10). 

flna npoBcpKH HenpoxHBopcHHBOCXH, HanpHMcp, Hpeo5- 
pasoBaHHH (3.4.4) h (3.4.10), HOCxyHHM cncAyioinHM o6pa- 
30M. CoGniOAaa cooxbcxcxbh^ ho snaneHHaM hhackcob h 
BpeMeHH, H Honaraa b cooxHomcHHax (3.4.10): 

HonyHHM HCKOMbie paBCHCxBa: 



;'(4%.=Ki(^o).4=(^ii(^o).0,- Vrer. (3.4.11) 

Saccb Bxopoe paBCHCXBO Honyneno npneMOM (JDopManbHO- 
ro oxGpacbiBanna SBesAOHCK h saMCHoii (JDnrypHbix ckoGok 
KpyrnbiMH CKoGxaMH (cxp.112). 
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TaKHM oGpaSOM, BCe OnXHMajIbHbie TOHKH ACHCTBHaMH 

npeoGpasoBaHHH (3.4.4),(3.4.9) h (3.4.10) BsaHMHOOAHOSHan- 
HbiM oGpasoM OToGpaacaiOTca na cooTBexcTByKDiuHe (no hh- 

AeKcaM) OCH BpeMeHH njiocKOCXH Op*\T) (cm. pHC.9). 

BBeAeM cjieAymee npaBHjio jxn^ oGosHaHenHH. 
OxHOCHxejibHO II aAanxHBHOH KOopAHnaxHOH CHCxeMbi, na 

KajKAOH KOopAHHaxHOH njiocKOCXH X*(t)x^*(t), GyKBeHHoe 

o6o3HaHeHHe npeoGpasoBanHOH ABHaceHHaMH BbipaBHHBaHHa 
BCHKOH xoHKH GyACM oxMeHaxb SBesAOHKOH CO mxpHxoM. Hho- 
r^a 3Be3AOHKOH co mxpHxoM GyACM oxMcnaxb xaxace npo- 
cxpaHCXBCHHbie aAanxHBHbie KOopAHnaxbi 3xhx xohck: 

F;'=F;'{T)=\cf',T\y. (3.4.12) 

B cooxBCxcxBHH c npaBHjiOM sanHCH (3.4.12), oGpasw 
rpaHHHHbix H onxHMajibHbix xoneK h3 cnncKa (3.3.6), Moryx 
xenepb sanncaHbi b bhac 

4'(r)={a*'(r),r[,s;'(r)=fe'(r),rj^, 

C*'(T)={cJ'(r),rL (3.4.13) 

Ilojiaraa b (3.4.10) x =q saxjiKDHaeM, hxo cb^sb ueyKjiy 
npocxpaHCXBeHHbiMH KOopAHHaxaMH oGpasoB oxoGpaacenHa h 
cooxBCxcxByioinHx HM npooGpasoB, ycxanaBUHBaexca cjiCAyio- 

mCH (JDOpMyjIOH 

^*'=^*+A;(t). (3.4.14) 

OGpaxnaa (JDopMyjia Me^K^y npocxpaHCXBenHbiMH KOopAH- 
HaxaMH 3XHX ace xohck, ohcbhaho, Gy^ex hmcxb bha: 

q*=q'"-A*yiT). (3.4.15) 
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Xn. Xj iito) 



i'' 



'i-i,*,-, 






Li 




^Nku-J^Nki^Vo) 



'*NkA*o) 'NkH' 



Puc.9. riojioaceHHH KOopAHHaxHbix oceii npeo6pa30BaHHOH jxswiKQ- 

HHaMH BbipaBHHBaHHa II a/ianTHBHOH KOOpAHHaXHOH CHCTCMbl OTHOCH- 
XejIbHO I KOOpAHHaXHOH CHCTCMbl B HaHajIbHblH MOMCHT BpCMCHH. OCH 

Xjj , X* (/q ) H X* ' , OTJIHHaiOTCa MC5K/iy CO6OH MCCTOnOJI05KCHHaMH 

HanajibKbix tohck. Ilpn ycjiOBHH t =fo HanajibHaa xoHKa hmcct Koop- 

AHHaXbl O* '=(c\\ (/q ), f );/ OTHOCHTCJIbHO I KOOpAHHaXHOH CHCTCMbl. 



(npodo.JiJKenue mexcma pucynxa enanane cmp.126) 
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ripH 3HaHeHHHX BpeMCHH T > /^g KOOpAHHaXbl HaHajIbHOH TOHKH 

onpeAejiHiOTca cooTHomeHHaMH O*' = (cii(/o), t). . 

IlOCTOaHCTBO npOCXpaHCTBeHHOH KOOpAHHaXbl npHBOAHT K TOMy, 
HTO BCe KOOpAHHaXHbie OCH X jj ' H /,, ' , npeo6pa30BaHHOH /IBHJKCHHaMH 
BbipaBHHBaHIM II a/ianTHBHOH KOOpAHHaXHOH CHCTCMbl, SaHHMaiOT B 

npocxpaHCTBe HeHSMCHHbie nocxoaHHbie nojioJKCHHa. Ilpn 3tom och 
BpeMCHH /,, ' OHpe/iejiaiOT b HpocxpaHCXBe ne noBepxHOCXb, KaK 3to 

HMCJIO MeCTO B CJiyHaC paCCMOXpCHHa /IBHJKCHHH BbipaBHHBaHHa B I KO- 

opAHHaxHOH CHCxeivie, a njiocKOCXb BpeMCHH, coBnaaaioiHyK) c onxH- 
MajibHOH njiocKOCXbK) Opir). 

Co6jiK)Aaa cooxBexcTBHa no HHACKcaM h SHaneHHaM Bpe- 
MeHH, H Hcnojibsya (3.4.14), fljia npocxpaHCXBeHHwx KOopAH- 
Hax oGpasoB jieBOH h npaBoK rpaHHHHbix xoneK HMeeM: 

4 '(^) = 4 (^)+ 4 (^)' *J '(^) = *J (^)+ 4 (^) ' 

c ynexoM Koxopwx, h3 oxHomcHHH nop^AKa (3.3.9) nojiyHHM 
cjieAyroiuHe oxHomcHHa nop^AKa: 

a*'(T)<4'(T)<**'(T). (3.4.16) 

HepaBCHCXBa (3.4.16) osHanaiox, hxo oxHomcHHa nop^AKa 
(3.3.9), a, cjieAOBaxejibHO, h oxHomcHHa nop^AKa (1.1.1), aB- 

JIHKDXCa HHBapHaHXaMH ABHJKeHHH BbipaBHHBaHHa (3.4.1)- 

(3.4.3). Bojiee xoro, c ynexoM xoro, hxo ABHaccHHa BbipaB- 
HHBaHHa, B KaacAbiH MOMeHx BpeMeHH H Ha jikdGoh Koop- 
AHHaxHOH njiocKOCXH, onHCbiBaKDxca npeoGpasoBaHHaMH 
CABHra, M05KH0 saKjiKDHHXb, Hxo oxHOuieHHa nop^AKa 6yAyx 
HHBapHaHxaMH npeoGpasoBaHHH (3.4.1)-(3.4.3) a-h^ npo- 
cxpaHCXBeHHbix KOopAHHax npoHSBOJibHbix AByx nonapHO 
cpaBHHMbix xoneK. 
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rioSTOMy npH JIK)50M (JDHKCHpOBaHHOM SHaHCHHH BpCMeHH 

z BceBOSMoacHbie tohkh BH^a 

6yAyT HMexb npn cooTBexcxByioinHx no HHAexcaM ABHJKCHHax 
BbipaBHHBaHHa (3.4. l)-(3.4.3), oGpasw 

{.*',ri,EXj(r)x4(r), 

npocxpaHCTBeHHbie KOopAHHaxbi Koxopbix 6e3 nponycKOB sa- 
nojiHaxb HHxepBaji: 

x*'E(a;.'(r),Z>*'(r)), / = W,7 = U;. 

^jifl xoro Hxo6bi yGeAHXbca b HKBapHanxHOCXH HHCJieHHbix 
SHaHCHHH npocxpaHCXBeHHbix KOopAHHax AJi^ xoneK KOOpAH- 

HaXHblX njIOCKOCXCH OXHOCHXejIbHO ABHaCCHHH BbipaBHHBaHHa 

(3.4.1)-(3.4.3), KOHeHHO, mojkho nocxynaxb no anajiornn c 
cooxBCxcxByKDinHMH ACHCXBHaMH H3 pasACJia 3.2. OAHaKO cy- 
mecxByex n Gojiee KpaxKnn cnocoG. 

B caMOM ACJie, c ynexoM (3.4.5), npeACxaBHM (JDopMyjiy 
(3.4.10) B cjieAyioineM aKBHBajienxnoM Bn^e: 

HjiH, xo 5Ke caMoe, c ynexoM (3.4.1 1), b Bn^e cjieAyfomen (JDop- 
Myjibi: 

{x*-4(r),rU{x*'-4'(r),r} . (3.4.17) 

Cmwcji (JDopMyjibi (3.4.17) saxjiKDHaexca b xom, hxo b jikd- 



6oH MOMCHx BpcMenn r nponsBOJibnaa xonxa |x*,tL Koop- 
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AHHaXHOH njIOCKOCTH X* (t)x ^* (t) , YAajieHHaa ox BpeMCHHOH 
KOOpAHHaXHOH OCH ^;*(t) Ha BejIHHHHy x*-c*(t1, ach- 
CTBHaMH ABHaceHHH BbipaBHHBaHHa OToGpaacaeXCa B TOHKy 

\x ', tL njiocKOCTH Xjj'xtjj' H YAajieHHyK) ox BpeMeHHoii 
OCH t*' Ha xy ace BenHnnny x*'-c*'(t1 VzeT, i = \N , 



SaCCB, mm BOCHOJIbSOBajIHCb XeM, HXO BCe HJIOCKOCXH 

Xj- 'x ^jy ' HO oxAejibHocxH, aBjiaioxca Ha caMOM ACJie oGwh- 

HblMH AByMepHblMH ACKapXOBblMH KOOpAHHaXHblMH HJIOCKO- 
CXaMH. 

TaKHM o6pa30M, npHHHMaa bo BHHManne cooxHomenHa 
(3.4.17) H HpHMenaHHe 14, mw MoaccM KOHCxaxnpoBaxb, hxo 
npn ocymecxBjieHHH npeoGpasoBanHH (3.4.4),(3.4.9),(3.4.10) 
HHCJieHHbie snaneHHa aAanxHBHwx KOopAnnax Bcex npeoGpa- 
syeMbix xoneK ocxaroxca HensMenHbiMH. 

C reoMexpHHecKOH xohkh spenHa cxasaHHoe osnanaex, hxo 
KajKAaa KOopAHHaxHaa njiocKOCXb h ycxaHOBjieHHwe na hch 
KOopAHHaxHbie OCH ynacxByiox b ABHaccHHax BbipaBHHBaHHa 
KaK CAHHoe Liejioe. 

OAHaKO, OXHOCHXejIbHO AOnOJIHHXejIbHOH KOOpAHHaXHOH 

CHCxcMbi noAoGnoe cbohcxbo HHBapHaHXHOCXH, b oGiucm cjiy- 
Hae, npHcyme xoubko SHaneHHaM BpeMCHHbix KOopAHHax npe- 
oGpasycMbix xohck. 

HocKOJibKy oxMeneHHaa HHBapHaHXHOcxb xacaexca xojibKO 
HHCJiCHHbix SHaneHMH npocxpaHCXBeHHbix aAanxHBHbix Koop- 
AHHax, a He npocxpaHCXBeHHbix MecxonojioJKCHHH oxBenaK)- 
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IHHM 3THM KOOpAHHaxaM TOHeK. 

HAeHTHcJjHLiHpya AJi^ KpaxKOCTH GyKBeHHbie oGosHaneHHa 
TOHCK (2.2.2),(3.3.6),(3.4.13) c hx KOopAHHaxHbiMH 3anHcaMH 

B COOTBeXCTByiOIUHX KOOpAHHaXHblX CHCTeMax, nojiyHHM cjie- 

AyKDinHC 3KBHBajieHTHbie npeACxaBjieHHH: 

4'(r) = 4(r)+{4(r),rj..= 4.(r)+(A^.(r),r)^., 

5j'(r) = 5;.(r)+{4(r), rj..= 5^.(r)+(A^.(r), r)^., (3.4.18) 

C*'(T) = C*(r)+{4(r),r[=(c„(.o),-V 

Hs nocjieAHero cooxHomeHHa b (3.4.18) mw saKjiiOHaeM: 
HecMOxpa Ha to, hto onxHMajibHbie (JDyHKiiHH, xax oGwh- 
Hbie 4)yHKLiHH, Moryx npHHHMaxb caMbie pasjiHHHbie Bcme- 

CXBCHHbie SHaneHHa, nOCJie ACHCXBHa ABHaceHHH BbipaBHH- 

BaHHa, npocxpaHCXBeHHbie KOopAHHaxbi Bcex onxHMajibHwx 
xoHCK y^aexca onncaxb Bcero oahhm nocxoaHHbiM HHCJiCHHbiM 
SHaneHHeM Cjj(^q) h, npHHeM, b xeneHHe Bcero BpeMeHH na- 

5jIK)AeHHa. 

3xHM H AOCxHraexca ijejib jx&wMeYwk BbipaBHHBaHHa. 

To ace caMoe mm hmcjih b cjiynae npHMeneHHa ABHJKeHHH 

BbipaBHHBaHHa B I KOOpAHHaXHOH CHCXCMe. 

OAHaKO xojibKO Ha ochobc II aAanxHBHOH KoopAHHaxHoii 
CHCxeMbi HaM y^aexca «haxh Aajibme», x.e. AoGnxbca anajio- 
rHHHOH ynpomaKDineH CHMMexpHH a-h^ bccx 6e3 HCKjiiOHeHHa 
SHaneHHH rpaHHHHbix (JjyHKiiHH, npHHeM, 6e3 noxepn 3xoh 
yace AOCXHrnyxoH chmmcxphh a-h^ onxHManbHbix 4)yHKLiHH. 

PemcHHeM 3xoh saAann mm saHMCMca b nocjieAyioinHx 
AByx pasACJiax. 
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npHMCHaHHH: 

15. Cbohctbo B3aHMH00AH03HaHH0CTH noTOHeHHbix npeo6pa30Ba- 

HHH (3.4.4), B HaCTHOCTH, BblXeKaeX H3 TOrO, HTO B npOH3BOJIbHbIH MO- 

MCHT BpeivieHH T KaJKHOC npeo6pa30BaHHe c^BHra ocymecTBnaexca na 
OT/iejibHOH T - Hecymeii njiocKOCXH. Hnane roBopa, na KOopAHHaxHbix 
njiocKOCxax TOHCHHbie o6pa3bi OTo6pa5KeHHH, cooxBexcxByioiHHe pa3- 
jiHHHbiM MOMCHxaM BpeMCHH, 0Ka5Kyxca Ha HenepeccKaioiHHxca njio- 
CKOCxax, napajiJiejibHbix Hecymeii hjiockocxh h, 3HaHHx, 6yAyx pa3JiHH- 
HbiMH. CKa3aHHoe oxHOCHxca H K HOCJieAyioniHM npeo6pa30BaHHHM. 

16. HanoMHHM, hxo npn ycjiOBHH x = c,,(t), h3 (3.2.1) cjieAOBano 
paBencxBo: c,y(T) = cii(/o) V r g T , 03HaHaK)inee, hxo o6pa30M Kasiyioii 
xoHKH (c,,(t), t) , npH /iBH5KeHHax BbipaBHHBaHHa H3 pa3Aejia 3.2, sb- 

jiaexca xoHKa (cii(/o), t). . To 5Ke caMoe Aocxnraexca npeo6pa30BaHHa- 

MH (3.4.7), cjieAOBaxejibHO, h npeo6pa30BaHHaMH (3.4.4). Ten ne Menee, 
Meayiy jxayma xnnaMH jxRwsKQnvm BbipaBHHBaHHH cymecxByiox pa3JiH- 
HHa. IlepBoe oxjiHHHe (|)opMajibHoe h cocxohx b cjie/iyioiHeM. IlpH 
/IBH5KeHHax BbipaBHHBaHHa BO 11 a^anxKBHoii KOopAHnaxHoii CHCxeMe, 
KaK npoo6pa3bi (cy (t), t) , xaK h hx o6pa3bi (cii(/o), t). 0Ka3biBaK)xcH 

xoHKaMH nepeceneHHii t - Hecymeii hjiockocxh c KOop^HHaxHbiMH oca- 

MH BpeMCHH (?^,,(t) H t^ COOXBCXCXBCHHO). llpH /JBHJKCHHaX BbipaBHH- 

Banna b 1 KOop^HHaxHoii chcxcmc, b o6HieM cjiynae, 3xh jkc xohkh hc 
«0Ka3biBajiHCb» na ocax bpcmchh. Bxopoe oxjihhhc 6ojiee cyniecxBCH- 

Hoe, H HpoaBjiaexca b xom, hxo och t*i\t) o6pa30BbiBaK)x noBcpxnocxb 

BpCMCHH, MCHaiOHiyK) B 06HieM CJiyHaC CBOK) KOH(J)HrypaiIHK) HO xoAy 

BpCMCHH, a OCH /,, ' 06pa3yK)X CXa6HJIbH0 HCHOABHaCHyiO HJIOCKOCXb 

BpCMCHH. IlpH /IBHJKCHHaX BbipaBHHBaHHS B 1 KOOp^HHaXHOii CHCXCMC, 
HCCMOXpa Ha O^HnaKOBOCXb BCJIHHHH COOXBCXCXByiOHJHX CABHrOB 

(3.4.6), Mbi HCH36c5KHO cxajiKHBajiHCb c HpoxHBOHOJi05KHoii CHxyau;Heii. 
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3.5. nPEOBPASOBAHHAil AAAnXHBHAil 
KOOPAHHATHAil CHCTEMA 

Ha nyxH AOCXHaceHHa ijejiH ABHaceHHH BwpaBHHBaHHa, no- 
cpeACTBOM ocymecTBjieHHa npeoGpasoBaHHH (3.4.1)-(3.4.3) na 
Gase II aAanxHBHOH KoopAHHaxHOH CHCxeMbi, (JDaKXHHecKH 
ccJDopMHpoBajiacb eine OAna HOBaa aAanxHBHaa KOopAHHaxnaa 
CHCxeMa. Tenepb mm, no anajiorHH c onpeACJieHHaMH npeAw- 
AyiUHx aAanxHBHbix KOopAHHaxHbix CHCxeM, MoaceM yxBcp- 
ac^axb, Hxo coBOKynnocxb Bcex napanjiejibHbix AByMepHwx 

KOOpAHHaXHblX njIOCKOCXeil Xj'xtj' C KOOpAHHaXHblMH OCaMH 

X*' H t*', i = l,N , j = l,kj , oGpasyiox CAHHyio KOopAHnax- 

H0-H3MepHxejibHyK) CHCxeMy, Koxopyio mm nasoBCM npeo6- 
pasoeauHOU emopou adanmuenou KOopduHamnou cucmejuou 
HjiH, KopoxKO, npeodpasoeauHOU adanmueuou Koopdunam- 
Hoii cucmeMoii . 

Ho cxpoeHHK) npeoGpasoBaHHaa aAanxHBnaa KOopAHnax- 
Haa CHCxeMa naMHoro npome, neM II a^anxMBHaa KOopAH- 
HaxHaa CHCxeMa. Ona oxjiHHaexca ox I KoopAHnaxHOH CHCxe- 
Mbi reoMexpHHCCKHM MecxonojioaceHHCM b npocxpancxBe i?3 

njIOCKOCXH BpeMCHH. 

Ha caMOM ACJie, onxHMajibnaa njiocKOCXb bpcmchh Op*(r) 
Moacex 6bixb nojiyneHa ox hcxoahoh njiocKOCXH bpcmchh 

COOXBCXCXByKDIUHM HapajIJICJIbHbIM CC HCpCHOCOM Ha HOCXOaH- 
HyK) BCJIHHHHy Cjj(^q). 

^jiH Hac BaacHO, hxo HOBaa aAanxHBnaa KOopAHnaxnaa ch- 
cxcMa nosBOJiacx onncaxb npocxpaHCXBCHHbic KOopAHnaxbi 
oGpasoB onxHMajibHbix xohck Bccro jiHiiib oahhm nocxoaHHbiM 
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HHCJieHHbiM SHaneHHeM. IIomhmo 3Toro, npeoGpasoBaHHaa 
aAanxHBHaa KOopAHHaxHaa CHCxeMa HenoABHacna othoch- 

XejIbHO AOnOJIHHXejIbHOH KOOpAHHaXHOH CHCXeMbI H, KaK 3X0 

Mbi yBHAHM B cjieAyioineM pasACJie, ne xepaex 3xo iieHHoe 
CBOHCXBO npH ocymecxBjieHHH HyacHbix HaM npeoGpasoBaHHH 
npocxpaHCXBeHHbix KOopAHHax. 

HenoABHJKHOCXb, b conexaHMH c npocxoxoH cxpoeHHa, co3- 
Aaiox B03M05KHOCXH ji,ji5i nocxpoeHHa npeoGpasoBaHHOH a^an- 
XHBHOH KoopAHHaxHOH CHCxeMbi c caMoro Hanajia, x.e. 6e3 
BcaKoro npeABapHxejibHoro nocxpoeHHa nepBOH hjih jxxkq 

BXOpOH aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 

OxMCHeHHbie B03M05KHOCXH, C yneXOM CJIOJKHOCXH AHHa- 
MHHHOH KOHCXpyKL[HH BXOpOH aAanXHBHOH KOOpAHHaXHOH CH- 

cxcMbi, HMeKDx Gojibuioc npaKXHHecKoe SHaneHHe. Ohh npn- 
BOA^T K cyinecxBCHHbiM ynpoincHHaM B ACJie opraHHsaiiHH 
cjieaccHHa, h, KoneHHO, 6yAyT ynnxbiBaxbca b npeAJiaraeMOH 
reoMexpHHCCKOH BepcHH pemeHHa npo6jieMbi rjio6ajibHoro 

HaGjIKDAeHHa. 

OAHaKO H3 CKasaHHoro Bbime, oxhkdab ne cjieAyex, hxo 
B03M05KHO (booGihc roBopa, c xeopexHHecKOH xoHKH speHHa), 
npeneGperaxb BOSMoacHOCxaMH II aAanxHBHOH KOopAHHaxHoii 
CHCxeMbi. CoGcxBeHHO, 3a HCKjiKDHCHHeM onHcaHHoro B pas- 
Aejie 3.1 nacxHoro cjiynaa, KorAa ABHaccHHa BbipaBHHBaHHa 

CXaHOBHJIHCb HSJIHUIHHMH, XeOpCXHHeCKH HCJIbSa HCnOJIbSO- 

Baxb npeo6pa30BaHHyK) aAanxHBHyK) KOopAHHaxHyK) CHCxeMy 
c caMoro Hanajia. IIocKOJibKy, HSHanajibHa nocxpoeHHaa xaxaa 
KOopAHHaxHaa CHCxcMa He b cocxoaHHH coxpanaxb cxpyxxyp- 

HO HCnOABHaCHbie CBOHCXBa OnXHMajIbHOH njIOCKOCXH BpCMeHH 
nOA BJIHaHHCM ACHCXBHH ABH5KeHHH BbipaBHHBaHHa. HMeHHO 
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no3TOMy, Aaace caMO onpeACJieHHe onxHMajibHOH njiocKOCXH 
BpcMCHH (onpcAejieHHe 3.4.1) HaM npHuijiocb BBecxH tojibko 
nocjie onHcaHHa achctehh ABHaceHHH BbipaBHHBaHHa bo II 
aAanxHBHOH KoopAHHaxHOH CHCxeMe. 

Tax Hxo c xeopexHHecKOH xohkh spcHHa b o6ineM cjiynae 
nepexoA k npeoGpasoBaHHOH aAanxHBHOH KOopAHHaxHOH ch- 
cxcMC B o6a3axejibHOM nop^AKe cjieAyex ocymecxBHXb xaK, 
KaK 3X0 6bijio onHcaHO b npeAWAymeM pasAene, a HMeHHO na 
6a3e II aAanxHBHOH KOopAHHaxHOH CHCxcMbi. Hnane, mm hc 
CMoaceM nojiynaxb HCoGxoAHMbie h oGocHOBaHHwe 4)opMyjibi 
AJia npeoGpasoBaHHH, o6ecneHHBaK)inHx AOCxnaceHHa ijejiH. 

OAHaKO c npaKXHHecKOH xohkh speHHa mojkho oGohxh 
3X0X sanpex, orpaHHHHBuiHCb jiHuib npcAnojioaceHHeM cyme- 
cxBOBaHHa II aAanxHBHOH KOopAHHaxHOH CHCxcMbi. 3x0 no- 

3B0JIHX HaM BOCnOJIbSOBaXbCa yace HMCIOIUHMHCa rOXOBblMH 

(JDopMyjiaMH nepexoAa, CBasyKDinHMH II aAanxHBHyK) Koop- 

AHHaXHyiO CHCXeMy C OCXaHbHblMH KOOpAHHaXHblMH CHCXe- 

MaMH, H, o6xoAHXbca 6e3 ee 4)aKXHHecKoro nocxpoeHHa. 
BbeACM cjieAyKDiuHe oGosHaneHHa. 
OxHOCHxejibHO npeoGpasoBaHHOH aAanxHBHOH KoopAHHax- 

HOH CHCxeMbi, Ha KaacAOH KOopAHnaxHOH njiocKOCXH Xi'xtj' 

GyKBeHHoe oGosHaneHHe npeoGpasoBanHOH ABHaceHHaMH bm- 

paBHHBaHHa BCaKOH XOHKH GyACM OXMBHaXb KpyjKOHKOM CO 

mxpHxoM. HnorAa xpyacoHKOM co mxpnxoM GyACM oxMenaxb 
xaxace npocxpaHCXBeHHwe aAanxHBHwe KOopAHHaxbi 3xhx xo- 
HeK. IIpH 3X0M, BO HsGeacaHHe nyxaHHiibi, KOopAHHaxbi jiio- 
6oH xoHKH, oxHOCHxejibHO npeoGpasoBaHHOH aAanxHBHOH ko- 
opAHHaxHOH CHCxeMbi, GyACM sanHCbiBaxb c HcnojibsoBaHHeM 
npaMbix CK060K B BHAe: 
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F^'=F^'(t)= q',T . (3.5.1) 

V 

KaK H B cjiynae II aAanxHBHOH KOopAHHaxHOH CHCxeMbi, 
pastacHeHHa k sanncH (3.5.1) no coAepacanHK) ne oxjiHHaiOTca 
OT pastacHeHMH, npHBeAeHHbix panee k npaBHjiy sanncH 
(2.2.1) (cxp. 72-73). A hmchho, ecjiH b sanncH (2.2.1) saivie- 
HHM Kpyrjibie ckoGkh npaMWMH CKoGKaMH, a b pastacneHHax 

K (2.2.1) 4)0pMajIbH0 npOHSBCACM COOTBeXCTByHDIUHe SaMCHbl 

?y I— > ^;J' H X^j I— > X*', TO B HTore, nojiyHHM tckct paatacne- 

HHH K npaBHjiy sanncH (3.5.1), Koxopoe h GyACM ynecxb npn 
3anHCH jiK)6oH TOHKH B KoopAHHaxax npeoGpasoBaHHOH a^an- 

THBHOH KOOpAHHaXHOH CHCTCMbl. 

Hanajio KOopAHnax npoHSBOJibHOH KOopAHHaxHOH njiocKO- 
cxH Xj'xtj' npeoGpasoBaHHOH aAanxHBHOH KOopAHnaxHOH 
CHcxcMbi, o6o3HaHHM cjicAyioinHM o6pa30M: 



0°'-- 



0°',t 



y 



(3.5.2) 



C ynexoM xoro, hxo saMenaHHC o nyjiax h3 pasACJia 3.3 
jierKO pacnpocxpanaexca h na paccMaxpHBaeMbm cjiynaH, no- 

JiyHHM 

0°'=0, (3.5.3) 

cjieAOBaxejibHO, xenepb, b KOopAHnaxax npeoGpasoBanHOH 
aAanxHBHOH KOopAHnaxHOH CHCxeMbi xonxy nepeceneHHa jikd- 

60H KOOpAHHaXHOH OCH tj- ' C T - HeCyiUCH njIOCKOCXbK) MO- 

accM sanHcaxb b bhac 



0°',T 



y 



0,t|... (3.5.4) 



'y 



B nacxHOCXH, h3 (3.5.4) mojkho BbmecxH ypaBHeHHe ij -on- 
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THMajibHOH ropHSOHxajiH OTHOCHxejibHO npeoGpasoBaHHOH 
aAanxHBHOH KoopAHHaxHOH CHCxeMbi: 

° t I rv I 

X ,T =\0,t\... 

ij 'J 

yHHXbiBaa (3.4.11),(3.5.2) h (3.5.3) nexpyAHO saKjiiOHHXb, 
Hxo jiJin o6o3HaHeHHa Hanajia KoopAHnax mm, b saBHCHMOcxH 

ox KOHKpeXHOH Bbl6paHH0H KOOpAHHaXHOH CHCXeMbI, MoaceM 

npHMenaxb OAHy h3 cjieAyioinHx 3KBHBajieHXHbix McacAy co- 
6oH sanHceH 

O°'=|0°', t,[^ =|0, ^ol, =k'(4 ^o}, =ki(^o), ^oi = 

= {<^n{to\to\- (3.5.5) 

B cooxBcxcxBHH c BbiuiecKasaHHbiM o pastacHCHHax K 3a- 
nHCH (3.5.1), paBeHcxBa BH^a 

6yAyT osHanaxb, hxo xohkh F*'{t) h /^-"'(t), HaxoA^iUHeca b 

MOMCHX BpeMCHH T Ha njIOCKOCXaX X*(t)x^*(t) H Xjj Xtjj 
COOXBCXCXBeHHO, COBMeiHaiOXCa, H B MOMeHX BpeMCHH r 

MeacAy HHCJieHHbiMH SHancHHaMH cooxBexcxByKDinHx Hpo- 
cxpaHCXBeHHbix aAanxHBHbix KOopAHnax, oneBHAHO, HMeex 
Mecxo cjiCAyioinaa (popmyjia nepexoda: 

q*'=q"'+A,j{T), (3.5.6) 

oxKyAa c ynexoM (3.4.14), hmccm 

q°'=q\ (3.5.7) 

HjiH ace, c ynexoM SAecb (JDopMyjibi nepexoAa (3.3.4), HOJiynnM 
cjieAyromyK) (popMyjiy nepexoda: 
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q°'=q-c,j{T),TeT, / = W, 7 = 1^. (3.5.8) 

OopMyjiy (3.5.8) HHorAa GyACM HasbiBaxb xaKace (JDopMy- 
jiOH npeodpasoeuHUU cdeuea. 

CpeAH npHBCAeHKbix Bwme (JDopMyji nepexoAa, (JDopMyjia 
(3.5.8) OKasbiBaexca naHGojiee BocxpeGoBaHHbiM jijin AajibHefi- 
mero HSJioaceHHa. ^eno b tom, hto b xaacAbiH MOMenx BpeMe- 
HH T Bca HMeiomaaca H nocxynaioinaa ox AaxHHKOB xexyinaa 
HHCJDopMaiiHa onHCbiBaexca HCKjiKDHHxejibHO B npocxpaH- 
cxBCHHbix KoopAHHaxax I KoopAHHaxHOH CHCxeMbi. OopMyjia 
(3.5.8) nosBOJiaex b KaacAbm MOMenx BpeMeHH z nepefixH, 
nocpeACXBOM cooxBCxcxByioinero CABHra, ox 3xhx KOopAHHax 
K cooxBCxcxByKDinHM (no HHAeKcaM H BpeMCHH) npocxpaH- 
cxBeHHbiM KoopAHHaxaM npeoGpasoBaHHOH aAanxHBHOH Koop- 

AHHaXHOH CHCXCMbl. 

A npeoGpasoBaHHa pacxaaceHHa-cacaxHa, Koxopwe mw pac- 
CMOxpHM B cjiCAyioineM pasACJie, 6yAyx ocymecxBjieHbi HMeH- 
Ho B npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH chcxcmc. 

OdpamnaH (popMyjia nepexoda, nosBOJiaromaa b KaacAbm 
MOMeHx BpeMeHH T HepeHXH ox HpOCXpaHCXBeHHblX KOOpAH- 
Hax xoneK b npeoGpasoBanHOH aAanxHBHOH KOopAHnaxHOH ch- 
cxeMe K cooxBexcxByKDinHM (no HHAexcaM h BpeMeHH) npo- 
cxpaHcxBeHHbiM KoopAHHaxaM I KoopAHHaxHOH CHCxeMbi, one- 
BHAHO, OHpeACJiaexca paBencxBOM 

q = q°'+c,j{T), zeT, / = W, 7 = 1^. (3.5.9) 

Co6jiK)Aaa cooxBexcxBHa ho HHAexcaM h BpeMenn, h3 (JDop- 
Myjibi (3.5.8) (hjih (3.5.9)) npn SHaHenHH q = CjAz) HMeeM 

c°'(t) = 0, rer, i = lj/, j = lj,. (3.5.10) 
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B cooTBCTCTBHH c npaBHjiOM sanHCH (3.5.1), oGpasbi rpa- 

HHHHblX H OnXHMajIbHblX TOHCK H3 CHHCKa (3.3.6) MOryX 6bITb 

sanHcaHbi b BH^e 

4.'(r)=a°.'(r),r..,i?-(r)=*-(r),r.., 



q'{T)=cy{T),T 



(3.5.11) 



IIpHHHMaa BO BHHMaHHe (3.5.7), H3 OTHOuieHHH nop^AKa 
(3.3.9) cpasy ace nojiyHHM 

fl^'(T)<4'(r)<*^'(T) Vrer, i = \N, j = \F, . (3.5.12) 

HepaBeHCTBa (3.5.12) osHaHarox, hto oxHomeHHa nop^AKa 
(3.3.9) a, cjieAOBaxejibHO, h oxHomeHHa nop^AKa (1.1.1) aBjia- 
lOTca HHBapHaHxaMH ABHaceHHH BbipaBHHBaHHa (3.4.1)-(3.4.3). 

Bojiee Toro, c ynexoM xoro, hxo ABHaceHHa BbipaBHHBaHHa 

B KaaCAblH MOMeHX BpCMCHH H Ha BCaKOH KOOpAHHaXHOH njIO- 

CKOCXH onHCbiBaioxca npeoGpasoBaHHaMH CABHra, mojkho sa- 
KjiioHHXb cjicAyioinee: 

OxHomeHHa nop^AKa A-na npocxpaHCXBCHHbix KOopAHHax 
npoHSBOJibHbix AByx nonapHO cpaBHHMbix xoneK (cxp.85) b I 
KOopAHHaxHOH CHCxeMe, aBjiaioxca HHBapHaHxaMH npeo6pa- 
30BaHHH(3.4.1)-(3.4.3). 

no3xoMy npH KaacAOM SHaneHMH BpeMeHH z BceBOSMoac- 
Hbie xoHKH (x, t)-- e Xy x ty Vx e (a^ (r), by (r)j 6yAyT HMexb 

npH cooxBexcxByioinHx (no HHACKcaM) HenpepwBHbix ABHace- 
HHax BbipaBHHBaHHa (3.4. l)-(3.4.3) oGpasbi: 



o f 

X , T 



^^,'x^r^ 



npocxpaHCXBeHHbie KOopAHHaxbi Koxopwx 6e3 nponycKOB sa- 
nojiHaxb oxKpbixbiH HHxepBan: 
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x°'E(a°.'(r),*-(r)), / = W,7 = U;. 

Saccb CBa3b MOKAy cooTBCTCTByioinHMH npocxpaHCTBeH- 
HbiMH KoopAHHaxaMH oGecneHHBaexca (JDopMyjiaMH nepexoAa 
(3.5.8),(3.5.9). 

Hs HepaBeHCTB (3.3.8) (hjih (3.5.12)), c ynexoM paBCHCXB 
(3.5.7) (hjih (3.5.10)), hmccm 

a°'(r)<0, *°'(t)>0 Vrer, i = \N , j = \k, ■ (3.5.13) 

HpeoGpasoBaHHaa aAanxHBHaa KOopAHHaxnaa CHCxeMa no- 
3B0Jiaex HaM npncxynnxb k HenpoxHBopeHHBOMy onHcaHHio 
AByx cneiiHajibHbix npeoGpasoBaHHH pacxaaceHHa-cacaxna, oa- 
HOBpeMCHHO ACHCXByKDinHx Ha jiHHHH ncpeceHeHHa BcaKoii 

KOOpAHHaXHOH njIOCKOCXH Xj'xtj' H JIK)60H T- HecyincH 

njiocKOCXH. Ohh 6yAyx paccMOxpenbi b cjieAynDineM pasACJie. 
IIpH 3X0M OCH tj' 6yAyx HecxH xpoHHyK) «Harpy3Ky», a 

HMeHHO, C OAHOH CXOpOHbl, OHH - HeH0ABH5KHbie KOOpAHHaX- 

Hbie OCH BpeMeHH npeoGpasoBanHOH aAanxHBHOH KOopAHnax- 
HOH CHCxeMbi H, c ApyroH cxopoHbi, coAepacax Bce npeoGpa- 
soBaHHbie ABHaceHH^MH BbipaBHHBaHHa (3.4.1)-(3.4.3) ohxh- 
MajibHbie xohkh: 

Cjj'iz) VTeT,i = lJ^, j = lj;, 

H, HaKoneii, c xpexben cxopoHbi, OKasbiBaroxca iienxpaMH pac- 
CMaxpHBacMbix B cjieAyioineM pasAene npeoGpasoBanHH pa- 
cxaaceHHa-cacaxHa. 

Ha pHc.lO HpHBeACHO cxeMaxHHecKoe HsoGpaacenHC npe- 
oGpasoBaHHOH aAanxHBHOH KoopAHnaxHOH CHCxeMw. 
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Puc.lO. npeo6pa30BaHHaa a/ianTHBHaa KOopAHHaxHaa CHCxeivia. H3 
cpaBHCHHa /laHHoro H3o6pa5KeHHa c H3o6pa5KeHHeM, npHBeAenHOM na 

PHC.9, HeCJI05KH0 yCMOTpCTb, HTO 

O°' = |0,/o|„=(qi('o)=^o)„=0*'. 
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3.6. KOMnOSHItHH nPEOBPASOBAHHH 

Hnace, mm hcxoahm h3 nepcneKTHBw oGecneneHHa cjie- 
AyKDinero ycjiOBHa: 

Ha BcaKOH KOopAHHaxHOH njiocKOCTH npeo5pa30BaHHOH 

aAanXHBHOH KOOpAHHaXHOH CHCTCMbl H B KXiKJXbm MOMCHT 

BpeMCHH OAHOBpeMCHHO pcajiHsyeMbie Asa npeoGpasoBanHa 
pacxaaceHHa-cacaxHa, Koxopwe mm paccMOxpHM, AOJiacHbi 
HMexb 061HHH HenoABHacHbiH ijeHxp npeoGpasoBaHHH, na- 
xoA^iUHeca Ha cooxBCxcxByioineH (no HHAexcaM) KOopAH- 
HaXHOH OCH BpeMeHH. 

PaccMoxpHM cjiCAyKDiuHe ABC xpexnapaMexpHHCCKHe npe- 
oGpasoBaHHa pacxaaceHHa-cacaxHa, KOxopwe b KaacAWH mo- 
MeHx BpeMeHH ACHCxByrox OAHOBpeMenHO b npeoGpasoBaHHOH 
aAanxHBHOH KOopAHnaxHOH CHCxeMe (h cooxBexcxBenHO no 
pasHbie cxopoHbi ox onxnMajibnon njiocKOCxn BpeMenn 

Op\T)). 

B npoH3BOJibHbiH MOMenx BpeMenn r e T (BpeMa - oahh 
ns napaMexpoB npeoGpasoBannn) na bc^koh KOopAHnaxnon 



njiocKOCxn X,y 'x^^y ' xohkh 



pacnojioJKennbie b 



npocxpancxBe i?3 no jieByio cxopony ox njiocKOCxn Op*(T), 
oxo6pa3nM cjieAyioinnMn npeoGpasoBannaMn: 

Ax°'/a°.'(T), T , x°'<0, (3.6.1) 



° 1 1 

X , T 



a xoHKn 



x°', T , pacnojioacennbie b npocxpancxBe no npaByio 



cxopony ox njiocKOCxn Op*(T), oxoGpasnM npeoGpasoBanna- 
Mn BHAa: 
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x°",T = ^x°'/*°.'(t), T , x°'>0. (3.6.2) 

ij ij 

3Aecb napaMexpbi npeoGpasoBanHH X u n - nojioacHxejib- 
Hbie BemecTBeHHbie HHCJia (x.e. onpeACJieHbi xaxace, xax 3to 
5bijiOB(2.3.1),(2.3.2)), T^T ,i = \N , j = \k, . 

B CHjiy HepaBeHCTB (3.5.13) b cooxHomeHHax (3.6.1), 
(3.6.2) cjiynaH AencHHa na nyjib HCKjiiOHaiOTca. 

O ApyrHx noApoGnocTax no noBOAy saKOHHOCXH 3thx npe- 
oGpasoBaHHH cm. npHMenaHHe 17. 

OAHOBpeMeHHbiMH ACHCTBHaMH npeo6pa30BaHHH (3.6.1) H 
(3.6.2) npoHSBOJibHbie abc tohkh 



Xi', T 



, x;'<o H xI\t , Xl'><d, 

ij ij 



KOOpAHHaXHOH njIOCKOCTH Xj'xtj' , OAHOBpeMeHHO H BSaHM- 

HOOAHOSHaHHbiM oGpasoM OToGpaacaiOTca b cooTBexcxByKDiuHe 

TOHKH 



° 1 1 
Xi",T 



° 1 1 

X2 ,^ 



TOH ace njiocKOCTH. 

Ha BCaKOH KOOpAHHaXHOH njIOCKOCTH Xj- 'xtj- ' npH JIK)5bIX 

(JDHKcnpoBannbix snaHennax r , A n ^ o6e saBncHMOCxn 

Oil Oiiloi /tl Oil Oiiloi \ 

X = X \x , T, Aj II X = X \x , T, fij, onpcAejiaeMbie no 
npocTpancTBennbiM KOopAHnaxaM cooxBexcxByioinHx npeo6- 
pasoBannn (3.6.1) n (3.6.2), aBjiaroxca jinnenHbiMn nenpe- 

pblBHblMH H CXpOrO MOHOXOHHO BOSpaCXaiOIUHMH (JjyHKLlHaMH 

no apryMCHxy x°' b oGnacxax x°'<0 n x°'>0 cooxbcxcxbch- 

HO. 
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CbOHCTBO B3aHMHOOAH03HaHHOCTH OToGpaaCCHHH (3.6.1) H 

(3.6.2) BbixeKaex hs xoro, hto (Jjyhklihh x°"=x°"(x°', t, X\ h 

x°"=x°"(x°', T, /J.J HMeKDT npH paBCHCTBe x°'=0 o6inee ny- 
jieBoe SHaneHHe, h BMecxe onpeAejiarox OAHy jiHHeHHyio ne- 
npepwBHyK) cxporo mohotohho BOspacxaKDinyio 4)yHKLiHK) no 

apryMenxy x°'e (-qo, oo) npn jiK)6bix 4)HKCHpoBaHHbix snane- 
HHax HHACKCOB 1 , j u napaMexpoB T , A , /i . 

BBeACM cjieAyKDiuHe oGosHaneHHa. 

B npeoGpasoBaHHOH aAanxHBHOH KOopAHnaxHOH chcxcmc 

Ha Ka>KAOH KOOpAHHaXHOH njIOCKOCXH Xj'x tj' , GyKBCHHOe 

oGosHaneHHe BcaKoro oGpasa oxoGpaacenHH (3.6.1)-(3.6.2), 
GyACM oxMenaxb xpyacoHKOM c AByMa uixpHxaMH. HnorAa, 
KpyacoHKOM c AByMa uixpHxaMH GyACM oxMenaxb h npocxpan- 
cxBCHHbie aAanxHBHbie KOopAHnaxbi 3xhx xohck. 

KoopAHHaxbi KaacAOH xaxoH xohkh b npeoGpasoBaHHoii 
aAanxHBHOH KOopAHHaxHoii chcxcmc, sanHiiiCM b bhac: 

iV"=iv"(0= ^°",^ • (3.6.3) 

ij 

B npOH3BOJIbHbIH MOMCHX BpCMCHH T H Ha KaaCAOH KOOp- 
AHHaXHOH HJIOCKOCXH Xj'x tj' , MC5KAy HpOCXpaHCXBCHHblMH 

KOopAHHaxaMH XOHCK (3.6.3) H (3.5.1) cymccxByKDx cjiCAyio- 

IHHC (JDOpMyjIbI HCpCXOAa, BblXCKaKDIUHC OHCBHAHbIM oGpaSOM 

H3 Hpco6pa30BaHHH (3.6.1) H (3.6.2): 

q""=-Xq"'/a;j'{T), q"<0, (3.6.4) 

q""=fiq°'/b;j'{T), q">0. (3.6.5) 
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Ohcbhaho, hto 4)opMyjibi nepexoAa (3. 6. 4), (3. 6. 5) aBjiaiOT- 
ca npeodpasoeanuHMU pacm^jfceHUR-cjfcamuR. Hs 4)opMyji 
(3.6.4) H (3.6.5), c ynexoM (JDopMyjibi npeoGpasoBaHHH CABHra 
(3.5.8), nojiyHHM cjieAyioiuHe 4)opMyjibi nepexoAa: 

^°"=-A(^-c^.(r))/(a^.(T)-c^.(r)), g<c^(r), (3.6.6) 
q""=lii(q-c,j{T))/(b,j{T)-c,j{T)), q>c,j{T), (3.6.7) 

TAC zeT, i = \N, j = \k,- 

B CHjiy OTHomeHHH nop^AKa (1.1.1), b (JDopMyjiax (3.6.6) h 
(3.6.7) cjiynaH AencHHa na nyjib HCKjiK)HaK)Tca. 

OopMyjibi nepexoAa (3.6.6) h (3.6.7) aBjiaroxca KOMnosu- 
ijUHMU npeodpasoeanuu CABHra (3.5.8) h npeoGpasoBaHHH pa- 
cxaaceHHa-cacaxHa (3.6.4) h (3.6.5). 3thmh 4)opMyjiaMH ycxa- 
HaBjiHBaexca cb^sb MeacAy HCxoAHbiMH npocxpaHCXBeHHbiMH 
KOopAHHaxaMH npooGpasoB i^y(r)= \q, t\- , onpeAeneHHbix ox- 

HOCHXejIbHO I KOOpAHHaXHOH CHCXCMbl, H npOCXpaHCXBCHHblMH 

KoopAHHaxaMH cooxBexcxByioinHx HM oGpasoB 

V 

onpeAejieHHbix oxHOCHxenbHO npeoGpasoBaHHOH aAanxHBHOH 

KOOpAHHaXHOH CHCXeMbl. 

To, Hxo B sanHcax (JDopMyji (3.6.6) h (3.6.7) b ^bhom bhab 

He HCnOJIbSOBaHbl KOOpAHHaXbl II aAanXHBHOH KOOpAHHaXHOH 
CHCXCMbl, C HpaKXHHCCKOH XOHKH SpCHH^ HOSBOJiaCX HaM 060H- 
XHCb 5e3 (JDaKXHHCCKOrO HOCXpOCHHa 3X0H CJI05KH0H KOOpAH- 
HaXHOH CHCXCMbl. HaM AOCxaxoHHO 6yAex jinuib HOApasyMC- 
Baxb cymecxBOBaHHa II aAanxHBHOH KOopAHnaxHOH chcxcmw, 
6e3 KOxopoH nauiH ACHCXBHa jiHuiaioxca saxoHHoro xeopexH- 



144 r.naea III. Hoetie KOopduHamubie cucmeMbi 

necKoro oGocHOBaHHa. 

AHajiorHHHbiM nyxcM, h3 4)opMyji npeo6pa30BaHHH pacxa- 
aceHHa-cacaxHa (3.6.1) h (3.6.2), c ynexoM 4)opMyjibi npeoGpa- 
soBaHHH CABHra (3.5.8), hmccm 

c°",r..=|-A(x-c^.(r))/(a^.(r)-c^.(r))iT|..,x<c^.(r), (3.6.8) 

X^\T ^=\^i[x-Cy{T))l[by{T)-Cy{T)\T\„, X>Cy{T). (3.6.9) 
C HeKOXOpWMH HeGojIbUIHMH HSMCHeHHaMH, Bce CKasaH- 

Hoe o npeoGpasoBaHHax (3.6.1) h (3.6.2) oxHOCHxca h k npe- 

oGpaSOBaHHaM (3.6.8) H (3.6.9), aBJiaKDIUHMHCa KOMJlOSUljUH- 

MU npeodpasoeaHuii cooxBexcxByKDinHx AByx npeoGpasoBaHHH 
CABHra H pacxaaceHHa-cacaxHa. A HMeHHO, OAHOBpeMeHHbiMH 
ACHCXBHaMH npeoGpasoBaHHH (3.6.8) h (3.6.9), npoHSBOJibHbie 

ABeXOHKH {xi,t\j H (x2,r\^. , Xi<C,-,(t), X2 >C,-,(t), KOOpAH- 
HaXHOH njIOCKOCXH Xy X ty nepBOH KOOpAHHaXHOH CHCXeMbI, 

BsaHMHOOAHOSHaHHbiM oGpasoM oxoGpaacaioxca b cooxbcx- 

CXByKDIUHC XOHKH Xj",r H X°2\ Z KOOpAHHaXHOH njIOCKO- 

ij ij 

cxH Xj'xtj' npeoGpasoBaHHOH aAanxHBHOH KOopAHHaxHoii 

CHCXeMbl. Ha BCaKOH KOOpAHHaXHOH njIOCKOCXH Xj- X tj- npH 

npoHSBOJibHbix 4)HKCHpoBaHHbix SHaHeHH^x T , /I H ^ , o6e 

saBHCHMOCXH x°"= x°"(x, T, /l) H x°"= x°"(x, T, ^u), onpeAe- 
jiaeMbie 4)opMyjiaMH nepexoAa (3.6.6) h (3.6.7), aBjiaioxca jih- 
HeHHbiMH HenpepbiBHbiMH H cxpoFO MOHOxoHHO Bospacxaio- 
iUHMH (JDyHKLiHaMH HO apryMeHxy X B cooxBexcxByinHx o6jia- 
cxax X < c,y(r) H X > ^^^(t). 
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ToHHO xaK )Ke, xax h b cjiynae paccMoxpeHHa npeoGpaso- 

BaHHH (3.6.1),(3.6.2), CBOHCTBO BSaHMHOOAHOSHaHHOCXH KOM- 

nosHLiHH OToGpaaceHHH (3. 6. 8), (3. 6. 9) BbixeKaex h3 xoro, hxo 

(JDyHKiiHH x°"= x°"(x, T, a) h x°"= x°"(x, t, /i) HMeiox npH 

paBeHCXBe x = c,y(r) oGinee nyjieBoe SHaneHHC h BMecxe ohh 

onpeAejiaKDx OAHy jiHHeHHyio HenpepwBHyio cxporo moho- 
xoHHO BOspacxaKDinyK) 4)yHKLiHK) no apryMeHxy x g (- oo, oo) 

npH npOHSBOJIbHblX 4)HKCHpOBaHHbIX SHaHeHHaX HHAeKCOB /', 

j H napaMexpoB npeoGpasoBanHH r , X , [J. . 

C ynexoM (3.6.3), oGpasw rpaHHHHwx h onxHManbHbix 
xoHCK (3.5.11), nojiyHeHHbie ACHCXBHaMH npeoGpasoBaHHH 
(3.6.1) H (3.6.2) HjiH, xo ace caMoe, KOMnosHiiHH npeoGpaso- 
BaHHH (3.6.8) H (3.6.9), sanHuiCM b BH^e 

4."(r)=a°."(r),r..,i?-'(r)=Z>°."(r),r.., 

V V 

C°."(t)=4."(t),t . (3.6.10) 

V 

Co6jiK)Aaa cooxBCxcxBHa no SHanennaM HHAexcoB n Bpe- 

Menn, n nojiaraa x°'=a°'(r) b (3.6.1) (nun, c ynexoM (3.5.8): 

x = ajy(r) B (3.6.8)), a-h^ cooxBCxcxByKDiunx npocxpancxBen- 

Hbix KOopAHHax oGpasoB jieBbix rpannnnbix xonex b npeo6- 
pasoBannoH aAanxHBHon KOopAnnaxHon cncxeivie, nojiynnM 

a°."(T) = -A, rer, i = \N, j = lj, ■ (3.6.11) 

AnajiornnHbiM oGpasoM, co5jiK)Aaa cooxBexcxBna no sna- 

HcnnaM HHACKCOB H BpcMeHH, H nojiaraa b (3.6.2) x°'=^°'(t) 

(hjih, c ynexoM (3.5.8): x = ^y(r) b (3.6.9)), a-h^ cooxBex- 
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CTByroinHx npocxpaHCTBeHHbix KOopAHHax oGpasoB npaebix 
rpaHHHHbix ToneK b npeoGpasoBaHHOH aAanxHBHOH KOopAH- 
HaxHOH CHCxeMe, HMeeM 

*°."(t) = a/, rer, i = \N, j = lj,. (3.6.12) 

Bhobb, coGjiKDAaa cooxBexcxBHa no SHaneHHaM HHAexcoB h 
BpeMCHH, H nojiaraa b jik)6om h3 cooxHomcHHH (3.6.1) hjih 

(3.6.2) x°'= c°'(r)= (saccb nocjiCAHee paBencxBO noBxopaex 

4)opMyjiy (3.5.10)) hjih, c ynexoM (3.5.8): x = Cjy(r), b jikdGom 

H3 COOXHOmCHHH (3.6.8) HJIH (3.6.9), AJI« COOXBeXCXByiOIUHX 

npocxpaHCXBeHHbix KOopAHHax oGpasoB onxHManbHbix xoneK 
HMeeM 

c°."(r)=0, rer, i = \N, j = lj, ■ (3.6.13) 

Hnane roBopa, Bce onxHManbHbie xohkh 

q'(r)=4'(r),r.=|0,r| 

B npeoGpasoBaHHOH aAanxHBHoii KoopAHHaxHoii cncxeMe, BHe 

SaBHCHMOCXH OX AOHyCXHMblX SHaHeHHH HHAeKCOB H BpeMeHH, 

aBnaioxca HenoABHacHbiMH xoHKaMH npeoGpasoBaHHH (3.6.1), 
(3.6.2). 3x0, B nacxHOCXH naxoAHx CBoe oxpaacenne b sanncax 

C°."(t)=|0,t|.. yT^T,i = \N, j = \J,. 

riocKOUbKy KaacAaa ocb BpeMenn ^,y' cocxohx h3 xohbk, 
HMeioinHx KoopAHHaxbi |0, rl.. oxHocnxenbHO npeoGpaaoBaH- 

HOH aAanxHBHOH KOopAHHaxHOH CHCxeMbi, xo CMbicn HOnyneH- 
Hbix paBeHCXB saKjHonaexca b xom, hxo Bce och BpeMenn ^,y ' , 
a, cneAOBaxenbHO, h caMa onxHManbHaa nnocKOCXb BpeMenn 
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Op*(t) ocxaiOTca HenoABHacHbiMH npn ACHCXBHax npeo6pa- 
soBaHHH pacTaaceHHa-cjKaxHa (3.6.1),(3.6.2). 

OneBHAHO XaKace, HTO HMeHHO TOHKH, HMCKDIUHe KOOpAH- 

Haxbi |0, tL aBjiaioTca LieHxpaMH npeoGpasoBaHHH (3.6.1) h 

u 

(3.6.2). 

B HTOre, M05KH0 KOHCTaXHpOBaXb, HTO B KaaCAblH MOMeHT 

BpeMCHH H Ha BcaKOH KoopAHHaxHOH njiocKOCTH npcoGpa- 
soBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMbi npH OAHOBpe- 
MeHHbix ACHCTBHax AByx npeoGpasoBaHHH (3.6.1) h (3.6.2) ne 
BOSHHKaex HconpeAejieHHOCTH, CBasaHHOH c reoMexpHHecKOH 

KOHCJDHrypailHeH nOBCpXHOCXH BpeMCHH. HoCKOJIbKy Mbl Ha 

3X0X pas HMecM ACJio He c noBcpxHOCXbK), a c njiocKOCXbio 
BpeMCHH, K xoMy ace, ocxaKDineeca HcnoABHacHOH npn oaho- 
BpeMeHHbix ACHCxBHax HpeoGpasoBaHHH (3.6.1) h (3.6.2). 

To ace caMoe cnpaBeAJiHBO h b oxHomenHH achcxbhh kom- 
HOSHLiHH npeoGpasoBaHHH (3.6.8) h (3.6.9). 

^encxBHxejibHO, CHanajia AencxBHHMH ABHacennH BbipaB- 
HHBaHHa (3.4.1)-(3.4.3) II a^anxHBHaa KOopAHHaxnaa CHCxeMa, 
HMeKDinaa B oGineM cjiynae cjioacHyK) AHHaMnnecKH Menaio- 
myKDca cxpyKxypy, nepexoAHx b npeoGpasoBanHyK) aAanxHB- 
HyK) KOopAHHaxHyio CHCxeMy, oGnaAaioineH npocxoH cxaxH- 
necKH nenoABHacHOH cxpyKxypoH. 

IIpH 3X0M noBepxHOCXb BpeMeHH c nepeMeHHOH kohcjdh- 
rypaiiHeH, cjiyacamaa jijin onpeACJieHHa npocxpaHCXBenHbix 
KOopAHHax xoneK oxHOCHxenbHO II aAanxHBHOH KOopAHHaxHoii 
CHCxeMbi, npeoGpasoBbiBaexca b onxHManbHyK) njiocKOCXb 
BpeMeHH, cjiyacamen jijin onpeAeneHHa npocxpancxBenHbix ko- 
opAHHax xoneK oxHOCHxenbHO npeoGpasoBanHOH aAanxHBHOH 
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KOOpAHHaXHOH CHCXeMbl. 

^ajiee, mm OKaswBaeMca b ycjiOBHax npHMeneHHa xex ace 
npeoGpasoBaHHH pacxaaceHHa-cacaxHa (3.6.1) h (3.6.2), ocxaB- 
jiHKDinHx HenoABHacHOH onxHMajibHyio njiocKOCXb BpeMeHH. 
BcjiCACXBHe 3xoro, coBMecxHbie ACHCXBHa KOMnosHiiHH npe- 
oGpasoBaHHH (3.6.8) h (3.6.9) ne npHBOA^x k KaKOMy-jiH6o 
npoxHBopeHHK), CBasaHHOMy c HeonpeACJieHHOCXbio Mccxono- 
jioaceHHa BpeMeHHbix ocefi b npocxpancxBe. 

Ho 3X0H npHHHHe, ecxecxBCHHO, B HasBaHHax KaK npeo6- 
pasoBaHHH (3.6.1),(3.6.2), xax h KOMnosHiiHH npeoGpasoBaHHH 
(3.6.8),(3.6.9) He nyacHO HcnojibsoBaxb xepMHH «4)opMajib- 
HbiH», Hero B oGineM cjiynae nejibsa Gbijio Aonycxaxb b oxho- 
uieHHH HasBaHHH npeoGpasoBaHHH (2.3.1) h (2.3.2). 

BbiHCHHM HeKoxopwe AonojiHHxejibHbie CBOHCxBa paccMox- 
peHHbix Bbime npeoGpasoBaHHH. 

Hs (3.6.11)-(3.6.13) cjieAyiox oxHomeHHa nop^AKa: 

a;."(T)<4"(T)<*^"(T) Vrer, i = \N , j = \F, . (3.6.14) 

OxHomeHHa nop^AKa (3.6.14), BMecxe c panee ycxanoB- 
jieHHOH ijenoHKOH oxHomeHHH nop^AKa (3.3.9),(3.4.16) h 
(3.5.12), AOKasbiBaiox, hxo HCxoAHwe oxHomeHHa nop^AKa 
(1.1.1) aBjiaKDxca HHBapHaHxaMH KaK npeoGpasoBaHHH pacxa- 
aceHHa-cacaxHa (3.6.1),(3.6.2), xaK h KOMno3HLiHH npeoGpaso- 
BaHHH (3.6.8),(3.6.9). B CHjiy (3.6.11)-(3.6.13), HHBapHaHxaMH 
3XHX npeo6pa30BaHHH aBjiaroxca h nepaBencxBa (3.5.13): 

a°."(T)<0, *°"(t)>0 Vrer, / = W, 7 = 1^. 

KoMnosHiiHH npeoGpasoBaHHH (3.6.8),(3.6.9) - HenpepwB- 
Hbie H oGpaxHMbie, nocKOJibKy KaacAaa h3 hhx cocxohx h3 AByx 
nocjieAOBaxejibHO ACHCXByKDinHx HenpepwBHbix h oGpaxHMbix 
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npeoGpasoBaHHH cneiiHajibHoro BHAa Hnace, b ^bhom BH^e 
npHBeACHbi HenpepwBHbie npeoGpasoBaHHa, oGpaxHwe k kom- 
no3HLiHaM npeoGpasoBaHHH. 

TaKHM oGpasoM, o6e KOMnosHiiHH npeoGpasoBaHHH (3.6.8) 

H (3.6.9) aBJiaKDTCa eOMeOMOp(pU3MaMU . 

KpoMC Toro, Bbime Gbijio OTMeneHO, hto o6e 4)yHKLiHH 
x°"= x°"(x, T, a) h x°"= x°"(x, t, jLi), onpcAejiaeMbie saBHCH- 
MOCxaMH (3.6.6) H (3.6.7), BMecxe onpeAejiarox OAHy hhhch- 
HyK) HenpepbiBHyK) cxporo mohoxohho Bospacxaioinyio 4)yHK- 
LIHK) no apryMeHxy x e (- oo, oo) npn jirdGbix 4)HKCHpoBaHHbix 
SHaneHHax HHAeKCOB i , j u napaMexpoB r , A , /u . 

AHajiorHHHbie CBOHCXBa npncyinH h oGpaxHbiM (JDyHKiiHaM 
X = x(^x°", T, /ij H X = x(^x°", T, /J.J, Hxo jierKO cjieAyex, nanpH- 
MCp, H3 npHBeACHHblX HH5Ke (JjopMyji (3.6.15) H (3.6.16). 

HxaK, Mbl npHXOAHM K cjieAyioinHM BblBOAaM: 

1. OxHomeHHa nop^AKa Meac^y npocxpaHCXBeHHbiMH Koop- 
AHHaxaMH npoHSBOJibHbix AByx nonapHO cpaBHHMbix xoneK b I 

KOOpAHHaXHOH CHCXeMe aBJiaKDXCa HHBapHaHXaMH KOMnOSH- 

LIHH npeoGpasoBaHHH (3.6.8),(3.6.9); 

2. IIpH BCaKOM SHaHCHHH BpeMCHH T eT BCeBOSMOJKHbie 

xoHKH [x,t)-- e Xy xty \/x e\ay{T), by[T)) 6yAyx HMexb npn 

ACHCXBHaX COOXBeXCXByiOIUHX (no HHAeKCaM) K0Mn03HLlHH 

npeoGpasoBannn (3.6.8),(3.6.9) oGpasbi: 

Off -ir * » y * f 

X ,T GXy Xty , 

ij 

npocxpancxBennbie KOopAnnaxbi Koxopwx Ges nponycKOB 
sanojinaiox oxKpbixbin nnxepBaji, pacnojioacennbin na nepece- 
HHH z - necymen njiocKOCxn c KOopAnnaxHon njiocKOCXbio 
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x°"G(a°."(T),*°."(T))=(-A,A^),/ = l,iV,7 = l,A:,. 

CnpaBeAJiHBO h oGpaxHoe yxBepacAeHHC. 
Hs (JDopMyji (3. 6. 6), (3. 6. 7) cjieAyrox cooxHomeHHa a-h^ o6- 
paxHbix npeoGpasoBaHHH: 

<l = Cy{T)-\[a,j{T)-c,j{T))q\ q'"<0, (3.6.15) 

^ = c^.(r) + -(*^.(r)-c^.(r)V", g°">0. (3.6.16) 

OneBHAHO, Hxo saBHCHMOCXH (3.6.15) H (3.6.16) bmccxc 
onpeACJiaiox OAHy jiiinePinyK) HenpepwBHyK) cxporo moho- 

xoHHO BOspacxaKDinyK) (JDyHKiiHK) no apryMCHxy g°"e (-oo, oo) 
npH jiK)6bix 4)HKCHpoBaHHbix SHaHeHHax HHACKCOB /' , j H na- 
paMexpoB T , /I , /^ . 

B AajibHeHuieM 4)opMyjibi (3.6.6),(3.6.7),(3.6.15) h (3.6.16) 
GyACM HasbiBaxb ochobhumu (popjuyjiajuu nepexoda. 

CooxBCxcxByKDiuHe o6paxHbie k (3.6.1) h (3.6.2) npeoGpa- 
soBaHHa, oneBHAHO, onHCbiBaKDxca cooxBexcxBCHHO cjieAyio- 
iUHMH 4)opMyjiaMH: 

x°',r =-a°.'(T)x°"/A,T , x°"<0, 



X°',T = -b°j'{T)x°"/^,T 



y 
, x°">0. 



C npaKXHHecKOH xohkh spenHa a-h^ nac iieHHOCXb (napa- 
BHe c npeoGpasoBaHHaMH (3.6.15) h (3.6.16)) npeACxaBjiaiox 
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xaxace cjiCAyioiuHe oxoGpaaceHHa, oGpaxHwe k cooTBexcxByio- 
iHHM KOMnosHiiHaM npcoGpasoBaHHH (3.6.8) h (3.6.9): 






X, T .. 



Cy{T)-\[ay{T)-Cy{T))x^\T , x°"< , (3.6. 17) 



A 



c^.(T) + -(*^.(r)-c^.(r))x°",r , x°">0. (3.6.18) 



y 



Saccb, OAHOBpeMCHHbiMH ACHCxBHaMH npeoGpasoBaHHH 
(3.6.17) H (3.6.18) npoHSBOJibHbie abc xohkh 



Xj", T , Xi"< 0, H 
ij 



., X2">0, 



KOopAHHaxHOH njiocKOCXH Xjj'xtjj' npeoGpasoBaHHOH a^an- 

XHBHOH KOOpAHHaXHOH CHCXCMbl, BSaHMHOOAHOSHaHHbIM o6pa- 

30M oxoGpaacaioxca b cooxBexcxByroiuHe xohkh (xj,r).. h 

(x2,r).. KOOpAHHaXHOH njIOCKOCXH ^ijXty nepBOH KOOpAH- 
HaXHOH CHCXCMbl. 

Ha BcaKOH KOopAHHaxHOH njiocKOCXH Xj'xtj' npH npo- 

HSBOJIbHblX (JDHKCHpOBaHHblX SHaHCHHaX T , /I H ^ oGc SaBH- 
CHMOCXH X = x(^X°", T, AJ H X = xlx°", T, /ij, OnHCblBaCMblC 

(JDopMyjiaMH nepexoAa (3.6.15) h (3.6.16), bmccxc onpcAejiarox 
OAHy jiHHCHHyK) HcnpepbiBHyK) cxporo mohoxohho Bospa- 

cxaKDinyK) 4)yHKLiHK) no apryMCHxy x°"e (-qo, oo). 

Mbi saBcpmHjiH onHcanHC BaacHbix cbohcxb KOopAHnax- 
Hbix CHCXCM, BBCAeHHbix jiji^ oGocHOBaHHa saKOHHOCXH ynpo- 
maKDinHx npeoGpasoBaHHH npocxpaHCXBCHHbix KOopAHnax 
rpaHHHHbix H onxHMajibHbix xoHCK. CymecxByioiuHe nepexoAti 
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MeacAy HHMH ycjiOBHO HSoGpaaceHbi b cjieAyioinHx cxeMax: 

(nepBaa KC)-f> {Bxopaa AKC }-f>| HAKC | , (3.6.19) 
(nepBaa KC) < K""""^"""" "P^°6p^3°BaHHH ^ 1 ^^^^ I (3 6.20) 

r^e aGGpeBHaxypw cocxaBjieHbi h3 HanajibHbix 6yKB cjiob, 
HMeKDinHxca B BbipaaccHHH «npeo6pa30BaHHaa AAanxHBHaa 
KoopAHHaxHaa CHCxeMa», a ABycxopoHHHe cxpenKH noAnep- 
KHBaiox o6paxHMbiH xapaKxep nepexoAOB. 

B cxeMe (3.6.19) cb^sh MeacAy cooxBexcxByKDinHMH npo- 

CXpaHCXBeHHblMH KOOpAHHaxaMH XOneK B XpeX paSJIHHHblX KO- 

opAHHaxHbix CHCxeMax, onpeAenaroxca (JDopMyjiaMH nepexoAa 
(3.3.4),(3.4.14),(3.5.6)-(3.5.9),(3.6.4),(3.6.5), a b cxeMC (3.6.20) 
aHajiorHHHbie cb^sh saAanbi ochobhwmh (JDopMyjiaMH nepexo- 
Aa (3. 6.6),(3.6.7),(3. 6.1 7),(3. 6. 18). 

OcHOBHbie 4)opMyjibi nepexoAa nosBOJiarox b npoiiecce na- 
6jiK)AeHHa BMecxo CJI05KH0H cxeMbi (3.6.19), npeAnojiaraio- 
mefi oGasaxejibHoro nocxpoenHa II aAanxHBHOH KOopAHnax- 
HOH CHCxeMbi, peajiHSOBaxb Gojiee npaKXHHHyK) h npocxyio 
cxeMy (3.6.20), b KOxopoH MoacHO AOBOJibcxBOBaxbca jiHuib 
npeAnojioaceHHeM cymecxBOBanHa II aAanxHBHOH KOopAHnax- 

HOH CHCXeMbl. 

CjieAyex noAHepxHyxb, hxo npeAnojioaceHHe o cymecxBO- 
BaHHH II aAanxHBHOH KOopAHnaxnoH cncxeMbi, napabne c 6a- 

30B0H I KOOpAHHaXHOH CHCXeMOH, ^BJiaeXCa BaJKHblM. HyacHO 

noMHHXb, Hxo 6e3 II aAanxHBHOH KOopAHnaxnoH cncxeMbi mm 
jinmaeMca oGocHOBanna saKonnocxn ynpomaioiunx npeoGpa- 
soBaHHH npocxpancxBenHbix KOopAHnax rpannnHbix n onxn- 
MajibHbix xoHCK (cm. o5 3X0M npHMCHanne 1 8). 

A B xoM, HXO Mbi AencxBnxejibHO yace Aocxnrjin ochobhmx 
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HaMeneHKbix ynpomeHHH, hc mojkct Gmtb HHKaKHx coMHeHHH. 
B caMOM ACJie, c oahoh cxopoHbi, HaM hsbcctho, hto hc- 
xoAHbie rpaHHHHbie h onxHMajibHbie (j^yHKiiHH, xax o6biHHbie 
(JDyHKLiHH, B KXKjxbm AonycTHMbiH MOMeHT BpeMCHH Moryx 
npHHHMaxb caMbie pasjiHHHbie SHaneHHa h, xpoMe xoro, oGinee 
KOJiHHecxBO 3XHX (JDyHKLiHH, B oGineM cjiyHae, Moacex 6bixb ao- 
BOJibHO GojibiiiHM (paBHO 3« ). C ApyroH cxopoHbi, npHHHMaa 

BO BHHMaHHC B SanHC^X rpaHHHHblX H OnXHMajIbHblX XOHCK 

(3.6.10) cooxHomeHHa (3.6.11)-(3.6.13), hmccm 

4"(t) = |- A, T|^.,5-'(r) = |A/,r|^.,C°."(r) = |0,r|^., (3.6.21) 

TAC rer, i = \N, j = \k, ■ 

Tax Hxo, caMH cooxHomeHHa (3.6.21) noKasbiBarox, hxo b 
xeneHHe Bcero npoiiecca cjieaccHHa oGpasw Bcex rpaHHHHbix h 
onxHMajibHbix (JDyHKiiHH npH oxoGpaaccHHax (3.6.8) h (3.6.9), 
Moryx 6bixb onHcanbi Bcero xpeMa HHCJiaMH. IIpH 3xom BaacHO, 
Hxo oxHomeHHa nop^AKa Meac^y npocxpaHCXBCHHbiMH Koop- 
AHHaxaMH AJi^ npoHSBOJibHbix AByx nonapHO cpaBHHMbix xo- 

HeK B I KOOpAHHaXHOH CHCXeMe, aBJiaKDXCa HHBapHaHXaMH 

KOMnosHiiHH npeoGpasoBaHHH (3.6.8) h (3.6.9). 

Ha pHC.ll H 12 (cm. nocjie xckcxob npHMenaHHH) H3o6pa- 
jKCHbi npocxpaHCXBeHHbie nojioaceHHa xoneK (3.6.21). Hs hhx 
BHAHO, HXO B KaacAWH MOMCHx BpeMeHH T o6pa3bi JieBblX rpa- 
HHHHbix xoneK y4j°"(T), BbicxpanBaroxca ho HpaMOH jihhhh, 

HapajIJiejIbHOH OHXHMaHbHOH HJIOCKOCXH BpCMCHH, H HpOXOA" 

aincH OX nee cjieBa na paccxoannH X . OGpasbi npabbix rpa- 
HHHHbix xoneK B°i"{t) , BbicxpanBaioxca ho npaMoii, napan- 
jiejibHOH xoH ace hjiockocxh, h HpoxoA^meH ox nee cnpaba na 
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paCCTOaHHH fj. . 

npHMeHaHHH: 

17. YcjiOBHe KOHCHHOCTH 3HaHeHHH npocxpaHCTBeHHbix KoopAHHax 
TOHCK (3.5.11), HjiH TO 5Ke caMOC TOHCK (2.2.2), cymecTBeHHO jiJin ocy- 
mecTBjieHHa xaK npeo6pa30BaHHH (3.4.1)-(3.4.3), KaK h nocjiCAyioiHHx 
iipeo6pa30BaHHH (3.6.1),(3.6.2). TaK, nanpHMep, npeo6pa30BaHHe (3.6.1) 

He HMcex CMbicjia b cjiynae, Kor/ia a,°, '(tj)=-go npn HCKOxopbix 3Ha- 

HeHHHx /j, 7j H Tj . AHajiorHHHO, BTopoe npeo6pa30BaHHe (3.6.2) ne 

npoBOAHTca, ecjiH b° i '{1:2) = ^ npn HCKOxopbix 3HaHeHHax / 2 , J2 h 

T2 . B xaKHx cjiynaax npoijecc cjie5KeHHa xojibKO ynpomaexca, no- 

CKOJibKy, KaK 3X0 panee 6bijio oxMeneno, yMCHbinaexca o6inee KOJinne- 
CXBO rpaHHHHbix orpaHHHeHHH. 

18. Mbi y5Ke ne pa3 oxMenajiH, hxo 3a HCKjnoHeHHCM onncaHHoro b 
pa3Aejie 3.1 nacxHoro cjiynaa, Kor/ia /iBHJKCHHa BbipaBHHBaHHa cxano- 
BHjiHCb H3JiHmHHMH, Hejib3a Hcnojib30Baxb npeo6pa30BaHHyK) a/ianxKB- 
HyK) KOopAHHaxHyK) CHCxcMy c caMoro Hanajia. B nojib3y CKa3aHHoro 
npHBCACM cjiCAyioiHHe coo6pa5KeHHa: 

1) B o6ineM cjiynae, H3HaHajibH0 nocxpoeHnaa npeo6pa30BaHHaH 
ananxHBHaa KOopAHHaxnaa CHCxcMa hc b cocxoaHHH coxpanaxb cxpyK- 

XypHO HenOABH5KHbie CBOilCXBa HJIOCKOCXH BPCMCHH nOA BJIHaHHCM ASH- 
CXBHH /IBH5KeHHH BbipaBHHBaHHa; 

2) TeopexHHCCKH, b o6ineM cjiynae, nepexoA k npeo6pa30BaHHOH 
ananxHBHOH KoopAHHaxHOH CHCxcMe cjieAyex ocymecxBHXb xaK, KaK 3x0 
onHcano b pa3Aejie 3.4, a hmchho na 6a3e 11 ananxHBHOH KOop^HHax- 

HOH CHCXCMbl. B HpOXHBHOM CJiyHaC, HaM HpHHIJIOCb 6bl HMCXb JlQJiO 
JIHHIb XOJIbKO C 3aBeA0M0 HCHyjKHblMH, XOXa H 60Jiee HpOCXblMH (J)opMy- 

jiaMH Hcpexo/ia MCJKZiy 1 Koop^HHaxHOH cncxeMOH h Hpeo6pa30BaHHOH 

aHanXHBHOH KOOpAHHaXHOH CHCXCMOH. 

C HpaKXHHeCKOH XOHKH 3peHHa, KaK Mbl 3X0 y5Ke OXMeXHJIH, M05KH0 

060HXH 3X0X 3aHpex, orpannnHBHiHCb jinnib npeAnojioJKCHHeM cymecx- 
BOBaHHa 11 ananxHBHOH KOopAnnaxnoH cncxcMbi, n npHMenenneM na- 
npaMyio (J)opMyji npeo6pa30BaHHH, nojiynennbix na ee ochobc. 
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Puc.ll. H3o6pa5KeHHa o6pa30B Bcex jiCBbix h npasbix rpaHHHHbix 
ToneK B HaHajibHbiH momcht BpeMCHH. npeo6pa30BaHHaa aAanxHBHaa 
KOopAHHaxHaa CHCxeMa H3o6pa5KeHa AJia cjiynaa, Kor/ia X> jj. . 
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Puc.12. H3o6pa5KeHHa tohck (3.6.21) b HaHantHbiH momcht Bpe- 

MCHH fg H B MOMCHT BpeMCHH T > /^g OTHOCHXejIbHO npeo6pa30BaHHOH 
aZianXHBHOH KOOpAHHaXHOH CHCTCMbl. Hs pHCyHKa BH/IHO, HTO T - HCCV- 

maa njiocKOCTb coAepsKHx Bce tohkh 
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rjIABA IV. TEOMETPHHECKOE PEUIEHHE 

npoBjiEMbi cjie:»cehhh 

B 3T0H rjiaBe npHBOflHxcfl reoMexpHHecKaa BcpcHH pemeHHa 
npoGjieMbi rjioGajibHoro Ha6jiK);ieHH5i. 

Pas^eji 4. 1 npe^HasHaHeH tcm, kto no>Kejiaji 6bi nponycxHXb 
HxeHHe rjiaBbi III h, bmccto axoro cpasy ace nepefixH hckjiiohh- 
xejibHO K npaKXHHecKHM acneKxaM peajiHsaiiHH pemenHa npoGjie- 
Mbi. S^ecb coGpaHbi BMecxe xe nonaxHa h pesyjibxaxbi h3 pasjiHH- 

HblX MeCX KHHFH, KOXOpbie HenOCpeflCXBeHHO HCnOJIb3yiOXC)I B 

onHCbiBaeMOM pemeHHH npoGjieMbi. 

B pasflejie 4.2 onpe^ejieHbi nonaxHa rpaHHHHbix h onxHMajib- 
Hbix BepxHRajieii, a xaicace onepHMBaeMbix hmh b npocxpancxBe no- 
jioc njiocKOCXH. 3xH nojiocbi njiocKOCXH cjiyacax b KanecxBe npo- 
cxpaHCXBeHHbix opHenxHpoB, nosBOJiaiomHx (|)HKCHpoBaxb b npo- 
cxpancxBe reOMCXpHHeCKH CHMMexpHHCCKHC H, COOXBCXCXBCHHO, 

3pHxejibH0 jiCFKO BocnpHKHMacMbie oGjiacxH, oxBcnaiomHe He^o- 
nycxHMbiM H onxHMajibHbiM SHaHCHHaM noKasaHHH ;iaXHHKOB. 

KjnoHCBoe nonaxHe hal-rpa(|)a, nojiTOKCHHa BepniHH Koxoporo 
B3aHMHOOAH03HaHHbiM o5pa30M onpe^ejiaioxoi HHCJienHbiMH no- 
KasaHHHMH ;iaxHHKOB, BBCflCHO B pasflcjie 4.3. Hocjie peajiHsaiiHH 
npeo5pa30BaHHH bpcmchh (pas^eji 4.4), hal-rpa(|) npn cjie^KenHH 
MOJKex npe^ocxaBHXb HCHcpnbiBaiomyio HH(|)opMaLiHio o5o Bcex 
SHaHCHHHx noKasaHHH ;iaxHHKOB B y;io6HOM jijis BOcnpnaxHa bh^ic. 

B pasflcjie 4.4, 3a cnex peajiHsaiiHH HCKOxopbix roMeoMop(|)- 
Hbix npeo5pa30BaHHH bpcmchh, y^ajiocb oGccncnnxb aGcojnoxHyio 
Hcno;iBH>KHOCXb B npocxpancxBC ajis rpaHHHHwx h onxHMajibHbix 
BcpxHKajiCH, a xaK»cc Hccymcfi hx njiocKOCXH, oxBcnaiomHx xcKy- 

mHM 3HaHCHHaM BpCMCHH. B HXOFC, AJIS XCKyUIHX 3HaHCHHH BpC- 
MCHH, OXMCHCHHbIC BblUIC nOJIOCbl njIOCKOCXH y^iaCXCH 3aMCHHXb 
COOXBCXCXByiOmHMH 0XpC3KaMH HCnO;iBH>KHbIX npHMblX JIHHHH, 

Hxo cymccxBCHHO ynpoiijacx npoLic^iypy Ha5jiiOflCHHH. 3xhm cjic- 
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aceHHe b xpexMepnoM npocxpaHCXBe 3KBHBajieHXH0 saMenaexcH 
cjie>KeHHeM na njiocKOCXH. 

HcKOMoe pemeHHe npoGjieivibi rjioGajiBHoro Ha5jiiOfleHH)i, h 
HCKOxopbie ^exajiH, CBasanHwe c BonpocaMH peajiHsaiiHH, onnca- 
Hbi B pas^ejie 4.5. 

B pas^ejie 4.6 onHcano npe^cxaBjieHHe npefljiaraeMofi CHCxe- 
Mbi cjieaceHHa b hobom bh^c, HanoMHHaiomeM no (|)opMe oGhhhhh 
Li;H(|)ep6jiax. Bo3mo»cho, hxo (|)opMa LiH(|)ep6jiaxa npe^cxaBHXb oco- 
5yio LieHHOCXb ;ijia npHjioacenHH, nocKOJibKy b 3xom cjiynae ch- 
cxeMa cjieaceHHa BOcnpHHHMaexca KaK KOMnaKXHbiH no pasMepaM 
npnGop, npeflCxaBjiHiomnn nonaxnyio n ncnepnbiBaiomyio HH(|)op- 
Man;Hio o xexymnx noKasannax cpasy Bcex MHoroHHCJiennbix koh- 
xpojinpyeMbix ;iaxHHKOB. 

B pasflejie 4.7 yKasHBaexca na B03M0>KH0CXb npHjio^Kcnnfl 
npefljiaraeMOH Bepcnn peuienna npoGjieMbi k sa^anaM ^inarno- 
cxnpoBanHH. Tax KaK HMeexca roMeoMop(|)Hoe cooxbcxcxbhc Me>K- 

^ MHO>KeCXBOM BCeB03M0>KHbIX COCXOHHHH pa3JIHHHbIX ^IHaPHO- 

cxnpyeMbix oGteKxoB n MHoacecxBOM hal-rpa(|)OB (^jih n;H(|)ep- 
5jiaxHoro Bapnanxa - hal-MHoroyrojibnnKOB), xo b nxore, sa^ana 
^inarHOCxnpoBaHHa CBO^nxca k aKBHBajienxnon sa^ane pacnosna- 
Banna hal-rpa(|)OB (cooxBexcxBenno hal-MHoroyrojibnnKOB). Hoc- 
KOJibKy hal-rpa(|)bi hjih hal-MHoroyrojibHHKH aBjiaioxca reoMCxpn- 
necKHMH oGtCKxaMH npocxoH cxpyKxypw, xo xeM caMbiM, b hbko- 
xopoM CMbicjie ycxanaBjiHBaexoi npaisiaa CBasb Me»c;iy reoMexpnen 
H ^inarHOCxnpoBaHHeM. 

Bo3MO>KHOCXH npHjio>KeHHH npc^iJiaraeMOH cncxeMw cjiOKenna 
K sa^anaM ^inarHOCxnKn, b cxeMaxHHHon (|)opMe o5cy>K;iaioxca na 
npniviepe MeflniiHHCKOH flHarnocxHKn b pas^ejie 4.8. 
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4.1. CnHCOK HEKOTOPLIX 

nOHJITHH H PESyJIBTATOB 

Saccb nepeHHCJiaKDTca xe noHaxHa h npeoGpasoBaHHa h3 
3T0H KHHrH, Ha KOTopwe HaM npHAexca nacTO ccbijiaxbca npn 
onHcaHHH reoMexpHHecKOH BepcHH pemcHHa npoGjieMbi rjio- 
GajibHoro HaGniOAeHHa. HeKOxopwe nyacHbie nonaxHa ynoMH- 

HaKDXCa nOBCpXHOCXHO, HHOrAa JIHUIb AJI^ XOrO, HXoGw M05KH0 

6bijio yxasaxb Mecxo b KHHre, r^e ohh noApoGno HSJioacenbi. 
CjieAya MOXHBaiiHH, npHBeACHHOH B npHMenaHMH 18 (cxp. 
154), HHace mm ne ynoMHHaeM II aAanxHBHyK) KOopAHHaxHyio 
CHCxeMy (pasAeji 3.3), HMCioineH pemaioinee SHaneHHe rjih 
oGocHOBaHHa saKOHHOcxH KOMnosHiiHH npeoGpasoBaHHH (pa3- 
Aeji 3.6). 

IIoA HasBaHHeM «I KoopAHHaxnaa CHCxeMa» noApasyMe- 
Baexca nepBaa aAanxHBHaa KoopAHHaxnaa CHCxeMa (pasAen 
1.2), HaxoA^maaca b hcxoahom nenoABHacHOM nojioaceHHH b 
eBKjiHAOBOM npocxpaHCXBe R^ . Ona onpeAejiena Kax coBOKyn- 

Hocxb H3 n = k^+k2+--- + kj^ napajijiejibHbix AByMepHwx ac- 

KapxoBbix KOopAHHaxHbix njiocKOCxcH Xj- X tj- , npeAHasHa- 

HeHHbix AJi^ onHcaHHa Ha6jiK)AaeMbix noKasaHHH AaxHHKOB 
(pasAeji 1.1). KaacAaa njiocKOCXb Xjj xty paccHMxana a-h^ 4)hk- 

caiiHH noKasaHHH oahofo AaxHHKa: j - ro oxneceHHoro k koh- 
xpojiHpyeMOMy oGtexxy / , i = \,N , 7 = 1, k^ . 

IIoKasaHHa AaxHHKOB b KaacAWH MOMenx BpeMeHH cjieace- 
HHa T E r = [^Q, ^j] M05KH0 oxapaKxepHSOBaxb xoHKaMH, sanH- 

CaHHblMH B KOOpAHHaxaX I KOOpAHHaXHOH CHCXCMbl B CJIC- 

AyioincM BHAc: 
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Cy{T)=[cy{T),T\, //^.(r) = (//r),r)^, (4.1.1) 

r^e nepBbie KOopAHHaxbi (npocxpaHCTBeHHbie KOopAHHaxbi 
(pasAeji 2.2)) nepsbix xpex xoneK CHMxaroxca nanepcA saAan- 
HbiMH (hjih ycxaHOBjieHHbiMH B npoLteccc oGyHCHHa). 

3Aecb xoHKH Aiiir) (jieBbie rpaHHHHbie xohkh) h BjAt) 

(npaBbie rpaHHHHbie xohkh) (JDHKCHpyrox na MOMenx BpeMCHH 
T B npocxpaHcxBC reoMexpHHCCKHe oGpasw cooxBexcxBeHHO 
HH5KHHX H BepxHHx npeACJiOB AonycxHMbix SHaneHHH j - ro 
AaxHHKa oxHCceHHoro k oGtexxy / . HaHjiyninHM SHancHHaM 
cooxBCxcxByKDinHx (no BpeMeHH H HHACKcaM) AaxHHKOB cono- 
cxaBjiaKDxca XOHKH Cjj[t) (oHXHMajibHbie xohkh). HaKOHeii, 

npocxpaHCXBCHHaa KOopAHHaxa xohkh Hij{u) (naGjiKDAaeMaa 

xoHKa) onpeAejiaexca no HaGniOAaeMOMy b momchx BpeMeHH 
z HHCJieHHOMy 3HaHeHHK) HOKasanna j - ro AaxHHKa oxne- 
ceHHoro K oGteKxy i . 

MeacAy nepBbiMH xpeMa xoHKaMH h3 (4.1.1), aBjiaioinHxca 
nonapHO cpaBHHMWMH (onpeACJieHHe 2.3.1), cymecxByrox ox- 
HomeHHa ynop^AOHeHHOCXH, onpeACJiaeMbie cjieAyioinHMH ox- 
HomeHHaMH nop^AKa: 

TaK HasbiBaeMaa «npeo6pa30BaHHaa aAanxHBnaa koopah- 
naxnaa CHCxeMa» (pasAen 3.5), onpeAeneHnaa b BHAe cobo- 
KynnocxH h3 n napajiJiejibHbix KOopAHnaxHwx njiocKOCxen 

Xjj'xtjj' , cneiiHajibHO cosAana a-h^ KoppeKxnoH peajiHsaiiHH 

npeAJiaraeMOH BepcHH pemenHa npo6jieMbi rjio6ajibHoro na- 
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GjiiOAeHHa. Ona HenoABHacna oxHOCHxejibHO I KOopAHHaxHOH 
CHCTCMbi H no cxpoeHHK) OTjiHHaexca OT nee reoMCxpHHecKHM 
MecTonojioaceHHeM b npocxpaHCXBe njiocKOCXH BpeMeHH (pas- 
Aeji 2.1). IIjiocKocxb BpeMeHH npeoGpasoBaHHOH aAanxHBHOH 

KOOpAHHaXHOH CHCXeMbI HaSBaHa OHXHMajIbHOH HJIOCKOCXbK) 

BpeMeHH Op*[T) (oHpeACJieHHe 3.4.1), bbhay xoro, hxo ona 
coBHaAaex c onxHMajibHOH HjiocKocxbio Op\T) (onpeAejieHHe 
2.2.2) H (JDopMajibHO Moacex 6bixb HOJiyHena ox hjiockocxh 

BpeMeHH I KOOpAHHaXHOH CHCXeMbI COOXBeXCXByKDIUHM Ha- 

pajiJiejibHbiM ee nepenocoM na HOCxoaHHyK) BenHHHHy Cjj(^q). 

OAHaKO B hoaoGhoh HHxepHpexaiiHH, Kcxaxn, HOJiesnoH 
AJia ee rpacj^nnecKoro npeACxaBjienHH, 3xa KOopAHnaxnaa ch- 
cxeMa noHXH HHneM ne oxjiHHaexca ox I KOopAHnaxHOH ch- 
cxeMbi H AJi^ Hac 0C060H ijeHHOcxH He npeACxaBjiaex. 

HpeoGpasoBaHHaa aAanxHBnaa KoopAHHaxnaa CHCxeMa 
npeBpamaexca a-h^ nac b HesaMenHMbiH HHCxpyMenx xojibKO b 
xoM cjiynae, Kor^a ona BOSHHKaex xax Hxor achcxbhh roMeo- 
Mop4)Hbix oxoGpaaceHHH (pasACJi 1.3), o6ecneHHBaK)inHx nane- 
peA saAaHHbie CHMMexpHnecKHe MecxopacnojioacenHa b npo- 
cxpancxBe a-h^ oGpasoB Bcex rpaHHHHbix h onxHManbHbix xo- 
HeK (4.1.1). 

^jiH Hx onHcaHHa BBeACHbi cjieAyioiuHe o6o3HaHeHHa: 

OxHOCHxejibHO npeoGpasoBaHHOH aAanxHBHOH KOopAHnax- 

HOH CHCXeMbI Ha KOOpAHHaXHOH HJIOCKOCXH X,y 'x t^j GyKBCH- 

Hoe oGosnaneHHe bc^koh xohkh, npeoGpasoBaHHOH ynoMany- 
xbiMH Bbime oxoGpaaceHH^MH, oxMcnaexca xpyacoHKOM c ABy- 

MH UIXpHXaMH. 

HnorAa KpyjKOHKOM c AByMa uixpHxaMH oxMenaexca xaxace 
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npocxpaHCTBeHHbie KOopAHHaxbi 3thx xoneK. IIpH 3tom Koop- 
AHHaxbi TOHKH, OTHOCHTCJibHO npcoGpasoBaHHOH aAanXHBHOH 

KOOpAHHaXHOH CHCTCMbl, SanHCblBaiOTCa C HCnOJIbSOBaHHeM 
npaMbix CK06OK B BHAC: 



y 



^"(0^ 



q ", T 



(4.1.3) 



PaatacHCHHa k sanncH (4.1.3) no coAepacanHK) ne otjih- 
naiOTca ox pastacHenHH, npHBeACHHbix panee k npaBHjiy sa- 
HHCH (2.2.1) (cxp. 72-73). A hmchho, ccjih b sanncH (2.2.1) 
saMeHHM Kpyrjibie ckoGkh npaMWMH CKoGKaMH, a b caMHx 
pastacHeHHax 4)opMajibHO npoHSBeACM cooxBexcTByioiuHe sa- 
MCHbi: t-j \-^ t*' H X-j \-^ X*\ xo B Hxore nojiynHM xckcx 

pa3tacHeHHH k npaBHjiy sanncH (4.1.3), Koxopoe h ynnxbi- 
Baexca npH sanncH jik)6oh xohkh b KOopAHnaxax npeo6pa- 

SOBaHHOH aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 

rpaHHHHbie, onxHMajibHbie h Ha6jiK)AaeMbie xohkh (4.1.1) 
B KOopAHHaxax npeoGpasoBaHHOH aAanxHBHOH KOopAHnaxHOH 
CHCxeMbi sanHCbiBaKDxca cooxBexcxBeHHO b BH^e: 

4."(r)=a°."(r),r..,i?-'(r)=Z>°."(r),r.., 
ij ij 

C°"(r)=4"(r),r.., //°."(r)= /7'(r),r .., (4.1.4) 

ij V 

rm zeT, i = \N, j = \k, ■ 

TOHKH (4.1.4) aBJiaiOXCa oGpaSaMH COOXBCXCXByiOIUHX xo- 

HCK (4.1.1), H nojiynaioxca ox hhx ACHCXBHaMH roMeoMopcJ)- 
Hbix oxoGpaaceHHH BH^a (pasAen 3.6): 



X , T 



a(x-c^.(r))/(a^.(T)-c^.(T))iT|..,x<c^.(r), (4.1.5) 
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X\T ^=\^i[x-Cy{T))l[by{T)-Cy{T)\T\„, X>Cy{T), (4.1.6) 

r^e T eT , i = l,N, j = \,kj,a X h ^ - nanepeA saAaHHbie 

(HaGjnoAaxejieM) nojioacHxejibHwe BemecxBeHHwe HHCJia. 

B CHjiy (4.1.2) B 4)opMyjiax (4.1.5) h (4.1.6) cjiynaH Aene- 

HHa Ha Hyjib HCKJIIOHaKDTCa. 

^CHCTBHaMH npeoGpasoBaHHH (4.1.5) h (4.1.6) npoHSBOJib- 
Hbie ABe TOHKH {x^,t\. H {X2,T)^., Xj <c,-,(t), X2 >c,-,(t), ko- 

OpAHHaXHOH njIOCKOCTH X,y X t^ nepBOH KOOpAHHaXHOH CHC- 

xeMbi, roMeoMop4)HbiM oGpasoM oxoGpaacaiOTca b cootbct- 

CTByKDIUHe TOHKH Xj",T H X2",T KOOpAHHaXHOH njIOCKO- 

CTH Xy'xtjj' , npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH 

CHCXeMbl. 

IIpOCTpaHCTBeHHbie KOOpAHHaXbl TOHCK (4.1.4) M05KH0 OH- 

peAejiHTb cooTBexcTByKDinHMH (JDopMyjiaMH nepexoAa, cjie- 
AyKDinHx H3 (4.1.5),(4.1.6): 

g°"=-A(^-c^.(r))/(a,.(T)-c,.(r)), g<c^(r), (4.1.7) 

q^^=^[q-c,j{T))l(kj{T)-c,j{T)), q>c,j{T), (4.1.8) 
TAC rer, i = \N, j = \k, ■ 

YHHTblBaa (C CoGjIKDAeHHCM COOTBCTCTBHH nO SHaHCHHaM 

HHACKCOB H BpeMeHH) npocxpaHCTBeHHbie KoopAHHaxbi nep- 
Bbix xpex xoneK h3 (4.1.1) b 4)opMyjiax nepexoAa (4.1.7), 
(4.1.8), HMeeM 

a-'(T) = -A,*-'(T) = A/,4"(r)=0, (4.1.9) 
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rm zeT, i = \N, j = \k, ■ 

HxaK, B oGineM cjiynae b cooTBexcxBHH c (4.1.9), nocjie 
ACHCTBHa OToGpaaccHHH (4.1.5) H (4.1.6), HSHanajibHO npoHS- 
BOJibHO pasjiHHaioinHeca npocxpaHCTBeHHwe KoopAHHaxbi Bcex 
rpaHHHHbix H onxHMajibHbix TOHCK H3 (4.1.1) yAaexca onHcaxb 
B ynpomeHHOM BH^e, x.e. Bcero xpeMa nocxoaHHbiMH hhcjich- 
HbiMH SHaneHHaMH: -A, h /i , npHHCM b xeneHHe Bcero 

BpeMeHH HaGjIKDACHHa T . 

IIoaxoMy cooxBCxcxByKDiuHe oGpasw oxoGpaaceHHH (4.1.4) 
M05KH0 npeACxaBHXb B BHAe: 

4"(r) = |-A,r|^,5-'(r) = |A^,r|^,C-'(r) = |0,r|^ (4.1.10) 

AJIH JIK)6bIX SHaneHMH BpeMeHH H HHAeXCOB. 

Hs (4.1.9) Bbixexaiox cjieAyioiuHe oxHomenHa nop^AKa 

a-'(r)<4"(r)<*^"(r), (4.1.11) 

H HepaBencxBa 

a^"(T)<0,*°."(T)>0, (4.1.12) 

cnpaBeAJiHBbie a-h^ jiioGbix SHaneHMH BpeMeHH h HHAeKCOB. 

HepaBencxBa (4.1.11) osHanarox, hxo oxHomenHa (4.1.2) 
aBjiaioxca HHBapHaHxaMH npeoGpasoBaHHH (4.1.5) h (4.1.6). 

HMeex Mecxo Gojiee CHjibHoe yxBepacAenHe: 

OxHomeHHa nop^AKa MeacAy npocxpaHCXBeHHbiMH Koop- 
AHHaxaMH AJi^ npoHSBOJibHbix AByx nonapHO cpaBHHMwx xo- 
HCK B I KOopAHHaxHOH CHCxeMe aBjiaioxca HHBapHaHxaMH npe- 
oGpasoBaHHH (4.1.5) h (4.1.6). 

CnpaBeAJiHBOCXb 3xoro yxBepacAeHHa cjieAyex h3 xoro, hxo 
o6e jiHHeHHbie HenpepwBHbie saBHCHMOcxH (4.1.7) h (4.1.8) 
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BMCCxe onpeACJiaiOT OAHy HenpepwBHyio cxporo mohotohho 
BOspacxaKDinyK) 4)yHKLiHK) q'"= q°'\q) na Bcefi oGnacxH onpe- 

ACJieHHa ^ G (- 00, oo) npH JIK)6bIX 4)HKCHpOBaHHbIX AOnyCTH- 

Mbix SHaneHHax HHAeKCOB /' , 7 , bpcmchh z h napaMexpoB X , 
jj. . Tenepb, c ynexoM npeoGpasoBaHHH (4.1.5),(4.1.6), MoaceM 
yTBepacAaxb, hto bhc saBHCHMOCXH ox KOHKpexHbix SHaneHMH 

HHAeKCOB H BpeMeHH, BCeB03M05KHbie XOHKH H3 HHXepBajIOB 

HMCiox npH npeoGpasoBaHHax oGpasbi: x"", r g X*'xt*' , 

\ij 

npocxpaHCXBeHHbie KOopAHHaxw Koxopwx 6e3 nponycKOB sa- 
nojiHaiox HHxepBaji x°"e(-/l, /i), onpeAeneHHbiH b npeo6pa- 
soBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxcMe, HjiH, xo ace ca- 
Moe, HHxepBaji x°"g (cii(^o)~'^j ^iivo)+/")j onpeAejieHHWH b 

I KOOpAHHaXHOH CHCXeMe. 

BepHO H o6paxHoe yxBepacAeHHe, npHHeM oGpaxHbie k 
(4.1.5) H (4.1.6) oxoGpaaceHHa onpeACJiaioxca cjieAyioinHMH 

(JDOpMyjiaMH COOXBeXCXBCHHO: 

Cy{T)-\[ay{T)-Cy{z))x^\z , x°"< 0,(4.1.13) 



X, T .. 



X, T .. 



A 



Cy{z) + -(by{z)-Cy{z))x^\z , X " ^ > . (4 . l . 1 4 ) 



?/ 



Hs (4.1.13),(4.1.14) BbixcKaKDx oGpaxHbie (JDopMyjibi nepe- 
xoAa AJi^ npocxpaHCXBeHHbix KOopAHHax. Ohh nosBOJiarox no 
npocxpaHcxBeHHbiM KoopAHHaxaM oGpasoB xohck b npeoGpa- 
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soBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMe HaHTH npo- 
cxpaHCTBeHHbie KoopAHHaxw Hx npooGpasoB b I KoopAHHax- 
HOH CHCxeMe: 

<l = Cy{T)-\[a,j{T)-c,j{T))q\ q'"<0, (4.1.15) 

g = c^.(r) + -(*^.(r)-Cy.(T)V", g°">0, (4.1.16) 

TAC zeT, i = \N, j = \k:- 

CjieAyex oxMexHXb, hxo o5e jiHHCHHbie HenpepwBHbie sa- 
BHCHMOCXH (4.1.15) H (4.1.16) BMecxe onpeACJiaiox OAHy ne- 
npepbiBHyK) cxporo mohoxohho Bospacxaioinyio 4)yHKLiHK) 

g = g(g°"j Ha Bcefi oGjiacxH onpeAeneHHa g°"e(-oo, oo) npn 
jiK)6bix 4)HKCHpoBaHHbix AonycxHMbix SHaneHHax HHAeXCOB / , 
j , BpeMeHH T H napaMexpoB X , fj. . 

OnHcaHHbie saKOHOMepnocxH Bbipaacenbi b npHBOAHMbix 
HHace CBOHCXBax: 

Cbohcxbo 1. ffeucmeuHMU omodpajfcenuu (4.1.5), 
(4.1.6), e odufeju cjiynae usHanajibHO npouseojibHO pasjiu- 
naioufuecR npocmpaHcmeenHbie Koopdunambi ecex zpanuu- 
Hbix u onmuMajibHbix moneK ydaemcn onucamb ecezo mpeua. 
nocmoHHHbiMU HucjieHHbiMU 3HaHeHUHMU, TipuHeM 6 meMeHue 
ecezo epejuenu nadjiiodeHUH T ; 

Cbohcxbo 2. OmnoiueHUH nopndKa Mejfcdy npocmpan- 
cmeeHHbiMU KOopdunamaMU dun npouseojibHbix deyx nonap- 
HO cpaeHUMbix moneK e I KOopduHamuou cucmejue, nejiHiom- 
CH UHeapuanmaMU omodpajfcenuu (4. 1.5), (4.1.6); 

Cbohcxbo 3. Hnmepeajibi, cocmoRUfue U3 nonapno cpae- 
HUMbix moueK e I KOopdunamHoii cucmeMe, deucmeuHMU npe- 
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o6pa3oeaHUU (4. 1.5), (4. 1.6) omodpajfcaiomcR e unmepeajibi, 
cocmoRUfue U3 coomeemcmeyioufux (no SHuneHUHM undeK- 
coe II epejuenu) nonapno cpaenuMbix moneK e npeodpaso- 
euHHOU adanmueuou KOopdunamHOU cucmeme. Bepno u o6- 
pamnoe ymeepjfcdenue (ycxaHaBjiHBaeMoe na ochobc oto6- 
pa>KeHHH(4.1.13),(4.1.14)). 

KajKAoe HHCJiCHHoe xeKymee noKasaHHC BcaKoro Hop- 
MajibHO ycxaHOBjieHHoro h HcnpaBHoro AaxHHKa necex b ce5e, 
KOHeHHO ace, onpeAeneHHyK) aAeKBaxnyK) HHCJDopMaiiHK) o na- 
6jiK)AaeM0M oGtCKxe hjih npoiiecce. Hiviea b BH^y 3xo, mm xe- 
nepb MoaceM yxBcpacAaxb, hxo npn nepexoAC 4)opMyjiaMH 
(4.1.7),(4.1.8) ox npocxpaHCXBeHHbix KOopAHHax xohck b I 
KOOpAHHaXHOH CHCxeMe K npocxpaHcxBeHHbiM KoopAHHaxaM 
cooxBexcxByioinHx xonex b npeoGpasoBaHHOH aAanxHBHOH ko- 

OpAHHaXHOH CHCXCMC, nOXCpH HHCJDOpMailHH (CBaSaHHOH C nO- 

KasaHHaMH AaxHHKOB) HCKjiKDHaKDxca. BepHO H oGpaxHoe yx- 
BepacACHHe, a hmchho b cjiynae npHMeneHHa oGpaxHwx (JDop- 
Myji nepexoAa (4.1.15),(4.1.16) noxepn HHcJjopMaiiHH xaKace 
HCKjiiOHaioxca. 

CjieACXBHC 1. 06pa3bi 

a;.'\t)=\-x,t\.. u b;'\t)=\^,t\.. 

omodpajKeHUU (4.1.7 )u (4.1.8), omeeuawmue coomeem- 
cmeywufUM neeuM u npaeuM epanuHHUM moHKaM 
Aj (0 = b (0- ^\j w B,j (t) = (b,j (z), t\. 
e I KOopdunamHOU cucmejue, eceeda 6e3 ucKJiwHenuu 6ydym 
ebinojiHHmb (pyuKijuu coomeemcmeyiou{ux (no SHaneHUHM 
undeKCoe u epcMenu) neeux u npaeux epanuHHux moneK e 
npeodpasoeauHOU adanmueuou KOopduHamnou cucmeue; 
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CjieACTBHe 2. Odpasbi C°"(t) = |0, rl. , onmuManbHux 

J IJ 

moneK Q (t)= (c, (r), r).. ws I adanmueHOU KOopduHamnou 

J -^ y 

cucmejubi, ecmecmeenHbiM odpasoju 6ydym ocyu^ecmejiRmb 
(pyHKijuu coomeemcmeyioiifux (no snaneHUHM undeKCoe u 
epejueHu) onmujuajibubix moneK e npeodpasoeanHOU adan- 
mueHoii KOopduHaniHoii cucmcMe; 

CjieACTBHe 3. B Kaotcdbiii MOMernn epcMenu r eT od- 
HOcensHbiii unmepeaji donycmuMux SHaHeHuii noKasaHuii 
damnuKoe /,y(r) = (a,y(r), bjjiz)), onpedenenHbiu na nepecene- 

Huu T- necyujeii nnocKOcmu (onpeACJieHHe 3.3.1) c Koopdu- 
Hamnou njiocKOcmbw Xy x ty , I KOopduHamnou cucmejubi 

zoMeoMopcpHO omodpajfcaemcR e odnoceHSHbiu unmepeaji 
{-A,, /J.), onpedejieHHbiu na nepecenenuu t- necyufeu rijio- 

CKOcmu c KOopduHantHOU njiocKOcmbw X*'xt*', npeodpaso- 
eaHHoii adanmueHOU KOopduHamnou cucmeMu. 

CjieACTBHa 1-2 060CH0BbIBaK)T KOppeKTHOCTb npHBOAH- 

Mbix B cjieAyioineM pasAene onpeAeneHHH, b KOTopwx BBeAe- 
Hbi CHMMexpHHecKHC oGtCKTbi, HyjKHbie KaK cxaTHHCCKHe reo- 
MexpHHecKHe opHeHXHpbi B npoLiecce ocymecxBneHHa cjieace- 
HHa. ^onojiHHxejibHO o cjieACXBHH 3 H CBoiicxBe 2, cm. npHMe- 

HaHHC 19. 

npHMCHaHHe 19: 

BjiaroAapa cbohctby 2, a xaioKe cjieACXBHio 3, cbhsb iviejiyiy xo- 

HKaMH //y(T)= (z.(t),t| H HX 06pa3aMH H°j"\r)= i°j"\T),T MOaCHO 
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KpaxKO oxapaKxepHSOBaxb cjiCAyioiHHMH jxRyma (|)yH/iaMeHTajibHbiMH 
jijin onHCbiBacMoro npoijecca cjieaceHHa nojioJKCHHaMH: 

1. OxHomeHHe nopa/iKa /, (t)<T,(t) aBjiaexca HHBapnaHxoM oxo6- 

pa5KeHHH (4. 1.7), (4. 1.8), x.e. hmccx mccxo HcpaBCHCXBO /°"(T)<r,°"(T), 
TjiQ SHaneHHa //"(t) h ^""(t) - cooxBCxcxByioiHHe o6pa3bi npoHS- 

BOJIbHblX 3HaHeHHH /,(t) H Tj(t)\ 

2. BKjiiOHeHHe /, (T)e/,,(T)= (^^.(t), ^^.(t)) hmccx mccxo xor/ia h 

xojibKO xor/ia, Kor/ia /!"(T)e(-/l, /i), tjiq SHancHHC //"(t) aBjiacxca 
o6pa30M npoH3BOJibHoro Ha6jiK)AacMoro SHancHHa /' ,(t) npn /ichcxbhh 
oxo6pa>KCHHH (4.1.7),(4.1.8), t eT , / = W , j = U^ . 



4.2. rPAHHHHBIE H OnTHMAJILHBIE 
BEPTHKAJIH. nOJIOCBI 

Hnace a-h^ hhackcob nojiaraeM, hto i = l,N , 7 = 1, A:j . 
OnpeAejieHHC 4.2.1. Tohku ^°"(r) = I-A, rl.. nasoeeM 

jieeuMU epanuHHUMU moHKaMU, coomeemcmeeHHO moneK 
5j°"(t) = IjU, tL 6ydeM nasbieamb npaetiMU zpanuuHbiMU 

J IJ 

moHKaMU Ha KOopduHamnou rmocKOcmu X*'xt*', npeodpa- 
soeaHHOU adanmueHoii KOopduHaniHoii cucmeMu, r eT . 

OnpeAejieHHe 4.2.2. Tohku C°"(t) = Io, tL nasoeeM on- 

muMajibHUMU moHKaMU KOopduHaniHoii njiocKOcmu Xj'xtj' , 
npeodpasoeaHHOU adanmuenou KOopduHanmou cucmejubi. 
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JleBbie rpaHHHHbie tohkh ^j°"(t) = I-A, tL , bhc saBHCH- 

J IJ 

MOCTH OT SHaHeHHH HHACKCOB H BpeMeHH, yAajieHbi Ha OAHHa- 

KOByK) BejIHHHHy X OT OnXHMajIbHOH njIOCKOCTH BpCMCHH 

Op*(r), H pacnojioJKCHbi no jieByK) cxopony ox nee. Coox- 
BexcxBCHHO npaBbie rpaHHHHbie xohkh 5j°"(t) = \[j., t\.. , xaKace 
BHC saBHCHMOcxH OX SHaHeHHH HHAeKCOB H BpeMeHH, yAajie- 

Hbl Ha OAHHaKOByiO BejIHHHHy /i ox OHXHMajIbHOH HJIOCKOCXH 

BpeMeHH, H naxoA^Tca ho npaByK) cxopony ox nee. CneAOBa- 
xejibHO, Bce jieBbie h npaBbie rpannnHbie xohkh, pacHOJio- 
aceHHbie na z - Hecymen hjiockocxh OKasbmaroxca bm- 

CXpOeHHblMH COOXBeXCXBeHHO HO AByM BepXHKajIbHbIM JIHHH- 

aM, HapajijiejibHbiMH T - OHXHMajIbHOH BepxHKajiH Opir) (OH- 

peACJieHHe 2.2.1). 

OnpeAejieHHe 4.2.3. SacpUKCupyeM Jiwdoe snaneHue 
epcMCHU T eT u, paccMampuean ece Jieeue zpanuMHue 

moHKU A°j''{t) = \- X, t\.. e Kanecmee eepmun zpacpa, coedu- 

HUM HeopuenmupoeaHHUMU npHMOJiuneiiHUMU pedpajuu 
KacHcdbie dee us hux, naxodnujuxcH na djiuotcaiiiuux no pac- 

nojioDKeHUW KOopdunarnHbix njiocKOcmnx X*'xt*j', npeodpa- 

soeauHOU adanmuenou KOopduHamnou cucmejubi. UojiyneH- 
Hbiu zpacp Hasoeeju Jieeoii epanuHHOU eepmuKajibio dony- 

cmuMbix snaueHUU u odosnanuM cujueojioju GA°[t). 

OneBHAHO, Hxo p,jifi Hocxpoenna jieBoii rpaHHHHoii BepxH- 
KajiH GA°[t) , AOCxaxoHHO 6yAex coeAHHHXb oxpesKOM npaMOH 
ABe KpaHHHe jieBbie rpannHHwe xohkh: 
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pacnojioaccHHbie na r - HecymcH njiocKOCXH. 

OnpeACJieHHe 4.2.4. SacpUKCupyeju Jiwdoe snaneHue 
epejuenu z eT u, paccMampuean ece npaetie zpanuuHbie 

moHKU 5j°"(t) = l^u, t|.. e Kanecmee eepmun apa(pa, coedu- 

HUM HeopuenmupoeaHHUMU npHMonuHeiiHUMU pedpaMU 
Kajfcdbie dee U3 mux, HaxodnufuxcR na djiujfcaumux no pac- 

nojiojfceHUH) KOopduHamnbix njiocKOcmHX X*'xt*'. UojiyneH- 
Hbiii epacp HUSoeeM npaeoii epanuHHOU eepmuKajibw dony- 
cmuMbix snaneHUU u odosnanuM cumbojiom GB°[t). 

Taxace xax b npeAWAymeM cjiynae, ajm nocxpoeHHa npa- 
BOH rpaHHHHOH BepxHKajiH GB°[t), AOCxaxoHHO 6yAex cocah- 
HHXb oxpesKOM npaMOH ABC KpaHHHe npaBbie rpaHHHHbie xoh- 
KH 5iV'(t) = |^, t|jj h 5^^^"(t) = |^, t|^^ , pacnojio>KeHHbie 

Ha T - HecymcH njiocKOCXH. 

Bee onxHMajibHbie xohkh C°"(t) = |0, rl.. , bhc saBHCHMO- 

cxH OX SHaHCHHH HHAeKCOB H BpeMeHH, pacnojioaccHbi Ha on- 

XHMajIbHOH HJIOCKOCXH BpeMeHH Op* {t) . 

OnpeAejieHHe 4.2.5. SacpUKCupyem Jitodoe SHanenue epe- 
juenu T eT u, paccMampuean e npeodpasoeanHOU adanmueHOU 
KOopduHaniHoii cucmeMe ece onmuAiajibHue moHKU 

C°"(t) = lo, tL e Kanecmee eepmun zpacpa, coedunuM neopu- 

J IJ 

enmupoeaHHUMU npRMOJiuneuHUMU pedpaMU Kajfcdbie dee U3 
Hux, HaxodnujuxcH na djiuotcaiiiuux no pacnojiojiceHUio Koopdu- 
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HamHbix njiocKOcmnx X* 'x t* ' . 

u u 

IIojiyHeHHbiH xaKHM nyxeM rpacj) HasoBCM yKoponeHHOH 
onxHMajibHOH BepTHKajibK), HjiH Gojiee xpaxKO, onmuMajibHOU 
eepmuKajihK) AonycxHMbix SHaneHMH b xex cjiynaax, KorAa 
HeAopasyMeHHa, b cb^sh c ynoxpeGjieHHCM xaxoro ace xepMH- 
Ha B onpeAejieHHH 2.2.1, HCKjiKDHaroxca, h oGosHanHM ero 

CHMBOJIOM Op°{t). 

FeoMexpHHecKH, onxHManbHaa BepxHKanb Op°{t) coBna- 
Aaex c xoH nacxbro r - onxHManbHOH BepxHKanH Opir) , koxo- 
paa saKjnoHCHa Meac^y AByMa KpaHHHMH KoopAHHaxHbiMH 
njiocKOCxaMH X*j'x^iV K Xj^]^ '^^Nk '' npeoGpasoBaHHOH 

aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 

B AajibHCHuieM nasBaHHe «onxHMajibHaa BepxHKajib» 6y- 
ACM Hcnojib30Baxb xojibKO B oxHomeHHH oxpesKa 0/?°(t), ox- 
KasaBuiHCb xeM caMbiM ox coKpameHHOH BepcHH nasBaHHa 
npaMOH Opir) . 

TaKHM oGpasoM, a-h^ nocxpocHHa onxHManbHOH BepxHKanH 
Op°{t), AOCxaxoHHO Gy^ex coeAHHHXb oxpesKOM npaMoii jxbq 
KpaHHHe onxHMajibHbie xohkh 

pacnojioaceHHbie na r - Hecyinefi njiocKOCXH. 

Ohcbhaho, hxo rpaHHHHbie BepxHKanH GA°\t) ,GB°{t) h 

onxHMajibHaa BepxHKanb Op°{t) HenoABHJKHbi oxHOCHxenbHO 
z - HCcymeH njiocKOCXH npn jikdGom t eT . 

Hs onHcaHHbix nocxpoeHHH cjieAyex, hxo A-UHHbi rpaHHH- 
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Hbix BepxHKajieH h onxHMajibHOH BepxHKajiH OAHHaKOBbi npH 
BcaKOM (JDHKCHpoBaHHOM SHaHeHHH BpeMeHH H paBHbi paccToa- 

HHK) MCJKAy KOOpAHHaXHblMH OCaMH Xj j ' H Xj^j^ ' . 1103X0 My 

rpaHHHHbie BepxHKanH h onxHManbHaa BepxHKanb no xoAy 
BpeMCHH onHCbiBaKDx B npocxpancxBe OAHHaxoBbie no pasMe- 
paM nojiocbi njiocKOCXH b 4)opMe npaMoyrojibnnKa. 

BbCAeM oGosnaHenne: T^ = [^O' ^]' ~ oxKy^a, b nacxnocxn 
cjieAyex, hxo T^^ =[to,h] = T ■ 

OnpeAejienne 4.2.6. Uojiocy njiocKOcmu, onucaHnyto e 
npocmpancmee R^ e meneHue epejuenu r e 7^ Jieeou epanun- 

Hoii eepmuKajibJO GA°[t), nasoeeM Jieeoii epanuHHOU t - no- 

jiocoii u o6o3HaHUM cuMBOJiOM GA° [T^) , teT. 

OnpeAejienne 4.2.7. Ilojiocy rmocKOcmu, onucaHHyw e 
npocmpancmee R^ e menenue epejuenu r e 7^ npaeoii epa- 

HUHHOii eepmuKajibK) GB°{t), nasoecM npaeoii zpanuHHOii t 

- nojiocou u o6o3HaHUM cumbojiom GB°{Tf), t eT . 

OnpeAejienne 4.2.8. Ilojiocy rmocKOcmu, onucaHHyw e 
npocmpancmee R^ e menenue epejuenu r e 7^ onmuMajibHOU 

eepmuKajibw Op°[t), nasoeeju onmuMajibHOU t - nonocoii u 
o6o3HaHUM cujueojiOM Op°{Ti), t eT . 

CneAyex niviexb b BnAy xo, hxo onxnManbnaa t-^ - nonoca 

Op°\T) - npaMoyronbnnK n, necMOxpa cxoACXBa oGosnane- 
nnn, aBnaexca nnuib Konennon nacxbio onxnManbnon nnocKO- 
cxn BpeMenn Op*\T), aBnaiomeeca KOopAnnaxnon nnocKO- 
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CTbK) npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMw. 
Bee xpH t - nojiocbi napajiJiejibHw Meac^y coGoh h, xpoMC 

xoro, rpaHHHHbie t - nojiocw GA°\Ti) h GB°[T() yAajienbi ox 

t - nojiocbi Op°\Tf) Ha paccxoaHHa A h /i b npoxHBonojioac- 

Hbix HanpaBjiCHHax, yKasaHHbix b hx nojiHbix HasBannHx. 

KajKAaa t - nojioca npn HanajibHOM SHaneHMH bpcmchh 
«npeBpainaexca» b cooxBexcxByKDinyK) OAHOHMeHHyK) BepxH- 
Kajib, a HMeHHO cnpaBCAJiHBbi paBCHCxBa: 

GAiT,) = GA\t,), GB\) = GB\t,), 

Op[T,^) = Op{tQ). (4.2.1) 

Mbi saBepuiHjiH onncaHHa reoMexpHnecKHx o6teKxoB, nr- 
paioinHx cxaxHHCCKHe pojiH HcnoABHJKHbix opHeHXHpoB B npo- 
Liecce cjieaceHHa. 

4.3.HAL-rPAO. HAL-nOBEPXHOCTL 

B oxjiHHHe ox npeAbiAymero pasAena, SAecb paccMaxpn- 
Baexca noABHJKHbiH B oGineM cjiynae reoMexpHnecKHH oGtexx, 

BSaHMHOOAHOSHaHHO OnpeACJiaeMblH nOKaSaHHaMH AaXHHKOB. 

OnpcAejieHHe 4.3.1. SacpUKCupyeM npouseojibuoe sna- 
nenue epejuenu cjiejfceHUR z eT u, paccMampuean e npeo6- 
pasoeuHHoii adanmuenou KOopdunamHOU cucmeme ece na- 
6jiK)daeMbie moHKU 



HI"{t)= ryir), 



y 



e Kanecmee eepmun zpacpa, coeduHUM HeopuenmupoeanHbi- 
MU npHMOJiuneuHbiMU pedpaMU Kaotcdbie dee us hux, naxodn- 
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ujuxcH Ha djiMJtcaiiiuMX no pacnojiooKenuio KOopdunamHux 
njiocKOcmHX X*'xt*', i = \,N, j = l,kj. nojiynenHbiu zpacp 
HasoecM hal-?pa(pOM, coomeemcmeyion^UM MOMenmy epejue- 

HU T U 0603HaHUM CUMBOJIOM GH°[t). 

B npHMCHaHHH 20 Aano oGtacneHHe npoHCxojKAeHHio xep- 
MHHa «hal-rpa4)». 

Hs onpeAejieHHa 4.3.1 acHO, hto hal-rpacj) GH°{t) b xaac- 

AbiH MOMeHT BpcMeHH T G 7^ reoMexpHHecKHMH MecTonojio- 

aceHHaMH CBOHX BepUIHH, OTHOCHTCJIbHO COOTBCTCTByKDIUHX 

BepuiHH onxHMajibHOH BepxHKajiH H rpaHHHHbix BepxHKajieH 
(aBjiaKDinHxca, no cyxH, xoace rpacj^aiviH), npeAOCxaBjiaex hh- 
(JDopMaiiHK) OAHOBpeMeHHO 060 Bcex peajibHbix SHaneHHax no- 

KaSaHHH AaXHHKOB Ha 3X0X MOMeHX BpeMeHH. 

Cxajio 6bixb, M05KH0 yxBcpacAaxb, hxo hal-rpacj) nosBOJiaex 

OLieHHXb (JDaKXHHeCKHe COCXOaHHa BCCH COBOKynHOCXH HaGjIK)- 

AaeMbix oGteRxoB b xeneHHe Bcero npoiiecca HaGniOAeHHa 
(BaacHbie AexanH 3xoh, xojibKO, hxo CKasaHHOH mwcjih npHBe- 
AeHbi B pasACJie 4.5). 

OnpeACJieHHe 4.3.2. Coomeemcmeyioufuu meKyufejuy 

SHaneHUK) epemeHU z eT hal-zpa(p GH°{t), dydem nasbi- 
eamb meKyufUM hal-epacpOM. 

OneBHAHO, hal-rpacj) GH°(t) no xoAy BpeMenn r e T^ 
onnmex b npocxpancxBC noBepxnocxb, saKjnoHenHyio Meac^y 

KOOpAHHaXHblMH njIOCKOCXaMH Xjj'x^jj' H X j^j^ ''^^Nk '• 

OnpeAejienne 4.3.3. UoeepxHOcmb, onucbieaeMyw hal- 
zpacpOM e npocmpancmee R^ e meneHue epeMenu r g 7] 6y- 
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dcM nasbieamb t - hal-noeepxHOcmbw u odosHanamb cum- 
eojiOM GH°{T(), teT. 

OneBHAHO, HTO GH°\Tf j = G//°(^o) (c'^- npHMenaHHC 21). 

B npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMe 
B KaacAWH MOMeHT BpeMeHH z onpeAejieHHbie Bwiiie xpn Bcp- 

THKajiH GA°{t), GB°{t), Op°(t) h hal-rpacj) GH°{z) pacno- 
jiararoxca na r - necymeH njiocKOCXH. B CHjiy nocxoancxBa 

SHaHCHHH npOCXpaHCXBeHHblX KOOpAHHaX CBOHX BepuiHH, Bcp- 

xHKajiH (rpacJDbi) GA°[t), GB°{t), Op°[t) na xaacAOH z- ne- 
cymeH njiocKOCXH HMerox cxaxHHCCKH 4)HKCHpoBaHHbie nojio- 
accHHa, npcACxaBjiaa coGokd OAHHaKOBwe no A-UHne oxpesKH, 
cooxBexcxBCHHO xpcx napajiJiejibHbix BepxHKanbHbix npaMbix. 

HecMOxpa Ha xo, hxo rpaHHHHbie BepxHKanH GA°[t), 

GB°[t) h onxHMajibHaa BepxHKanb Op°(r) nenoABHacHbi ox- 
HOCHxejibHO T - HCcymeH njiocKOCXH, caMa z - necymaa njio- 
CKOCXb noABHJKHa H, no onpeAejiennio, yAanaexca ox necymen 
njiocKOCXH no 4)opMyjie t -tQ, ncnbixbiBaa c xoaom BpeMenn 

napajiJiejibHbie nepenocw b nojioacnxejibnoM nanpaBjiennn 
opnenxaitHH ocen BpeMenn. 

OneBnAno, hxo npoiieAypa na6jiK)Aenna Moacex cnjibno 
ynpocxnxbca npn a5cojiK)xnoH nenoABnacnocxn (oxnocnxenb- 
no I KOopAnnaxnoH cncxeMbi) xexymnx z - necymnx njiocKO- 
cxen. Tax hxo, b ijejiax oGecnenenna aGcojiroxnon nenoABnac- 

nocxn jijia BepxnKajien GA°[t), GB°[t) n Op°[t), cooxBex- 
cxByromnM xexymnM snanennaivi BpeMenn, naM cjieAyex ao- 
6nxbca nenoABnacnocxn jijin xaacAon xexyinen r - necymen 
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njiocKOCTH. OneBHAHO, a-h^ xoro htoGw oGohthcb 6e3 noxepb 
HHcJjopMaiiHH, HaM cjieAycT CAejiaxb 3to tojibko h tojibko no- 
cpeACTBOM BsaHMHOOAHOSHaHHbix npeoGpasoBaHHH. 

Tax Mbi npHxoAHM k hcoGxcahmocth paccMOxpeHHa npe- 
oGpasoBaHHH BpeMeHH. Ohh noApoGno onHcanbi b cjieAyK)- 
meM pasACJie. Ilocjie axoro, mm GyACM roxoBbi k HSJioaccHHio 
nojiHOH BcpcHH npeAJiaraeMoro reoMexpHHecKoro pemeHHa 
npoGjieMbi cjieaceHHa. 

IIpHMeHaHHH: 

20. Cjiobo «hal» c a3ep6aH/i5KaHCKoro astiKa nepcBOAHTca KaK 

«COCTOaHHe» (h npOHSHOCHXCa C OSBynHBaHHCM, COOTBeXCXByiOIHHM 

HxeHHK) 3Toro cjiOBa BCJiyx Ha jiaxbiHH). HcnojibsOBaHne axoro asep- 
6aHAacaHCKoro cjiOBa b KanecxBC npncxaBKH, hombmo ero ohcbh/ihoh 

JiaKOHHHHOCXH, OnpaB/jaHO B OCHOBHOM XCM, HXO Ha CXaXHHHOM (})OHe 

npoHHx reoMexpHHCCKHx oOicrxob, H3o6pa5KaeMbix b npeoOpasoBan- 
Hoii aAanxHBHOH KOopAHHaxHoii CHCxcMe, HMenHO /iHHaMHHecKH no- 
/IBH5KHbiH rpa(J), onpeAejiaeMbiii npocxpaHCXBCHHbiMH KOopAHHaxaiviH 
CBOHx Ha6jiK)AaeMbix BepniHH, OKasbiBaexca KjnoneBbiM hcxohhhkom 
HH(J)opMaiiHH xcKyiHHx pcajibHbix cocxoaHHax Bcex Ha6jiK)AaeMbix 
oGieRxoB. 

21. S/iecb, 6bixb M05Kex, yMecxHO oxMCXHXb cjieAyK)inee necKOJibKO 
Heo6biHHoe cxoacxbo, cymecxByioiHee Me5K/iy noHaxHCM hal-rpa(J)a h c 
OAHHM o6ineH3BecxHbiM KjiaccHHCCKHM npHCMOM, /jaBHO H ycneniHO 
npHMenaeMbiM b ijejiax annpoKCHMaijHH b xeopHH npnGjiHacenHH. 

TaK, c OAHOH cxopoHbi, H3BecxH0, Hxo HanpHMcp, npH npH6jIH3KeH- 

HOM HHXerpHpOBaHHH OAHOMCpHOH HCnpepblBHOH (JjyHKIJHH HHOF/ia 66 

xpa6KxopHK) annpoKCHMHpyiox jiOManoH jihhh6h c B6pmHHaMH Ha 3xoh 
5K6 xpa6KxopHH, a c ApyroH cxopoHbi, hal-rpa(|) no cxpo6HHK) h 6cxb jio- 
Manaa jiHHHa, onncbiBaioiHaa no xo/iy bp6M6hh hal-noB6pxHOCXb b 

Xp6XM6pH0M npOCXpaHCXB6. 

yAHBHX6JibH0, Hxo B npHHiiHn6 hal-noB6pxHOCXb M05KH0 paccMax- 

pHBaXb H6 KaK npH6jIH5K6HH6, a B KaH6CXB6 CB0606pa3HOH XOHHOH 
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«KopnopaTHBHOH annpoKCHMaiiHH» /ijia BcaKOH « - MepnoH bck- 

TOpHOH (|)yHKIIHH C KOMnOHCHXaMH, COCTOaiHHMH H3 npOH3BOJIbHO 3a- 

/laHHbix n HenpepbiBHbix OAHOMepHbix (J)yHKiiHH, 3aBHcainHx ox oaho- 
ro apryMCHxa (BpeMCHH). CymecxBOBaHHe 3xoro (|)aKxa npeAonpe/ie- 
jiaexca oco6eHHOCxaMH KOHCxpyKijHH a/ianxHBHbix KOopAHHaxHbix ch- 
cxcM, cnoco6oM onncaHHa (JjyHKijHH b hhx, onpeAeneHHaMH 4.3.1, 4.3.2 
H, HaKOHeij, xeopcMOH 1.3.2. 



4.4. nPEOBPASOBAHHJI BPEMEHH 

HanoMHHM, HTO B pasACJie 1.2 BbiGop oGinefi eAHHHiibi h3- 

MepeHHa AJI^ BpeMeHHblX KOOpAHHaXHblX OCCH, B KOHeHHOM 
HTOre, CBOAHJIOCb K TOMy, HTO BCe KOOpAHHaXHbie OCH BpeMe- 
HH I KOOpAHHaXHOH CHCXeMbl HMCJIH OAHHaKOBblC XaK HO A-HH- 

He, KaK H no (Jdhshhcckoh pasMepnocxH eAHHHiibi HSMepeHHa. 
BpeMeHHaa KOopAHnaxa BcaKOH xohkh HMeno oaho h xo ace 
HHCJieHHoe SHaneHHe xax b I KoopAHnaxHOH CHCxeMe, xax h b 
npeoGpasoBaHHOH aAanxHBHOH KoopAHnaxHOH CHCxeMe. IIo- 
CKOJibKy AO CHx nop paccMaxpnBaeMbie Bce npeoGpasoBanna 
KacajiHCb jiHuib npocxpancxBennbix KOopAHnax xohck, h 3xhm 
oGecneHHBajiacb nHBapnanxnocxb BpeMennbix KOopAHnax ox- 
HOCHxejibHO paccMaxpnBaeMbix npeoGpasoBannn. 

CjieAOBaxejibHO, oGinaa eAHnniia nsMepenna BpcMenn b 
npeoGpasoBannoH aAanxHBHon KOopAHnaxnon cncxeivie ne ox- 
jinnaexca (no a-uhhc h 4)H3HHecKOH pasMcpnocxn) ox cooxbcx- 
cxByioineH oGmen CAHnniibi nsMepenna BpeMenn I KOopAH- 
naxHOH CHCxeMbi. 

3a cnex Hajinnna noxeHiinajibHon bosmojkhocxh a-h^ npo- 
BeAcnna noxa eme neonpeAejiennbix oGpaxHMbix npeoGpaso- 
Bannn BpeMennbix KOopAHnax, y nac ocxanncb nexoxopwe pe- 
sepBbi AJia ocymecxBjienna Aajibnenmnx ynpomennn npoiie- 
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Aypw cjieaceHHa (cm. npHMenaHHe 22). 

C 3T0H ijejibK) Mbi nocxapaeMca oGecneHHXb aGcojnoxHyio 

HenoABHacHOCTb a-h^ BepxHKajieH GA°{t), GB°[t), Op°[t) h 
T - HecymcH njiocKOCTH Ha HsoGpaaceHHax npeoGpasoBaHHoii 

aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 

3xH npeoGpasoBaHHa, kohchho, OKaacyx orpaHHHHBaK)- 
mee BOSAeficxBHe h na ABHaceHHa xexyinero hal-rpacJDa BBH^y 
xoro, Hxo OH nojiHOCXbK) pacnojiaraexca na cooxBexcxByio- 
mcH xeKymcH HecymcH nnocKOCXH. Kax mw yBHAHM hhjkc, 

BcaKHC ABHaceHHa hal-rpacJDOB GH°{^) b HanpaBjieHHH, nanpH- 
Mcp, nojiojKHxejibHOH opHeHxaiiHH BpeMeHHbix occH 6yAyx 

HeBOSMOaCHblMH. 

Bbime noBCKDAy mm oGinee jiJin Bcex BpeMCHHbix KOopAH- 

HaXHblX OCCH SHaHCHHa BpCMeHH 0603HaHajIH OAHHM CHMBO- 

jiOM. 3x0 Gbijio BOSMoacHO 6jiaroAapa xoMy, hxo c KOopAHHax- 

H0-H3MepHXejIbH0H XOHKH SpeHH^, Mbl OXHOCHJIHCb KO BCeM 
KOOpAHHaXHbIM OCaM BpeMCHH KaK K KOnH^M OAHOH KOOpAH- 
HaXHOH OCH BpeMeHH. 

Cxajio 6bixb, p,jifi AOCxHJKCHHa ijejiH HaM AOCxaxoHHO 6yAex 
orpaHHHHXbca OAHHM noAxoA^iUHM oGpaxHMbiM npeoGpaso- 
BaHHeM BpeMeHH, cnnxpoHHO peannsyeMbiM na Bcex KOopAH- 
naxHbix ocax BpeMeHH npeoGpasoBaHHOH aAanxHBHOH Koop- 

AHHaXHOH CHCXeMbl. 

HyacHoe HpeoGpasoBanne BpeMenn mw HOCxpoHM hcxoa^ 
H3 HepcneKXHBbi AOCXHJKeHHa cjieAyioinHx AByx ycjiOBHH: 

1. B KaacAbiH xexyinHH MOMenx BpeMeHH t, npeoGpasoBa- 
HHeM BpeMeHH xexymaa t- necymaa hjiockocxb, sannMaa reo- 
MexpHHecKoe Mecxo hcxoaho HenoABHacHOH Hecymen hjiocko- 
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CTH (hjih, to ace caMoe, t^- HCcymeH njiocKOCXH) b npeoGpaso- 

BaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMe, AOJiacHa cxaxb 
aGcojiKDXHO HenoABHacHOH; 

2. HcM Gojibuie yMeHbuiaioxca (Boapacxaiox) SHancHHa 
BpeMCHH T B npcAejiax oxpesxa 7^ , xeM Gojibuie t^ - necymaa 

njiocKOCXb, npeBpaxHBuiaaca npeoGpasoBaHHCM BpeMeHH b no- 
ABHacHyK) T - HecymyK) njiocKOCXb, AOJiacna yAanHXbca (npn- 
6jiH3HXbca) ox (k) cxaBincH a6cojiK)XHO HcnoABHacHOH xexy- 
mefi t- HecymeH nnocKOCXH, coBepmaa npn 3xom napanjiejib- 
Hbie nepenocbi b oxpHijaxejibHOM HanpaBjieHHH opHCHxaitHH 
ocefi BpeMeHH. 

OneBHAHO, Hxo a-h^ aApecHoro pacHOJioacenHa a6cojiK)XHO 
nenoABHacHOH xexyineH t- HecymeH hjiockocxh, ycjiOBHeM 1, 
HO cyxH, KOHKpexHsnpyexca BbiGop Bcero jiHuib oahoh h3 6ec- 
KoneHHoro HHCJia HpnroAHbix a-h^ 3xoro reoMexpHnecKHx hjio- 
CKOCxeH npocxpancxBa. 

Ho AOCXH>KeHHK) nepBoro ycjiOBHa, Bxopoe ycjiOBHe, c oa- 
HOH cxopoHbi, nosBOJiaex Ha6jiK)AaxejiK) BBH^y «yAep>KaHHH 
CO CABHroM» Ha AHcnjiee npomeAuiHx HSoGpaaceHHH hal-rpa4)a 

npOCJICAHXb 3a AHHaMHKOH HSMCHeHHa nOKaSaHHH AaXHHKOB, a 

c ApyroH cxopoHbi, ycxpanaex saxenaKDiuHe 34)4)eKXbi r - no- 
jioc H r - hal-noBcpxHOCXH a-h^ xeKyinefi t- HecymeH hjio- 
ckocxh. B KaacABiH xexyinHH momchx bpcmchh t HOCJieAHHM 
oGecneHHBaexca HopManbHaa bhahmocxb a-h^ BepxHRajien 

GA°{t\ GB°{t), Op°{t) H hal-rpa4)a GH°{t), Bceiiejio pacno- 
jioaceHHbix Ha cxaBuien aGcojiioxHO HCHOABHiKHOH xeKymen t - 
HecymeH hjiockocxh. 

TaKHM oGpasoM, hoa BOSAciicxBHeM HOAxoA^mero o6paxH- 
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Moro npeoGpasoBaHHa BpeMCHH, noABHacnaa xeKymaa t - necy- 
maa njiocKOCTb AOJiacna saHHMaxb reoMexpHHecKoe Mecxo hc- 
xoAHO HenoABHJKHOH ^q - HecyineH njiocKOCXH, a caMa tQ- ne- 

cymaa njiocKOCXb cxanoBHxca noABHJKHOH (cm. npHMenaHHe 
23). 

HocKOJibKy B ycjiOBHax 1 h 2 HcnojibsoBaHbi xeKyinne h 
npoHSBOJibHbie SHaneHHa BpeMeHH, xo caMa BOSMoacHOCXb 
onHcaHHa HyjKHoro npeoGpasoBaHHa BpeMeHH AHKxyex naM 
noxpeGnocxb pasjiHHeHHa oGosHaHeHHH a-h^ 3xhx MOMenxoB 
BpeMeHH. Hs cjieAyroinHx, HCHOJibsoBanHbix panee (b pasAene 
4.2) o6o3HaHeHHH: 

TGT^ = [tQjlt^T,^=T = [tQ,t,l 

HecjioacHO ycMOxpexb, hxo xexymee SHaneHHe BpeMeHH yAo6- 
HO oGosHanaxb chmbojiom «^», a chmboji «t» ynoxpeGjiaxb, 
KaK H npeacAe, b xanecxBe nepeMeHHoro BpeMenn, x.e. xaK jxjia 
oGosHaneHHa npomeAinHx MOMenxoB BpeMenn: 

KaK H AJi^ o6o3HaHeHHa caMoro xeKymero MOMenxa BpeMeHH: 

T=t . 

PaccMOxpHM cjieAyioiuHe npeoGpasoBanHa CABnra jxn^ 
BpeMeHHbix KOopAHHax xoneK b npeoGpasoBanHOH aAanxHB- 

HOH KOOpAHHaXHOH CHCxeMe: 

■c^=-c+tQ-t, (4.4.1) 

r^e tQ- HanajibHoe SHaneHHe BpeMeHH, teT - xeKymee 3Ha- 
nenne BpeMenn, tgT^ - nepeMennaa BpeMeHH h t' - Hpeo6- 
pasoBannaa nepeMennaa BpeMeHH. 

BBeACM oGosHaneHHe: T/ = [Hq -t, ^g] • 
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OneBHAHO, HTO AJIHHbl OXpCSKOB BpCMeHH T^ H T/ OAHHa- 
KOBbie H paBHbl t-tQ. 

B KaaCAblH (JDHKCHpOBaHHblH XeKyiUHH MOMeHT BpeMeHH 

t ^T BcaKOMy SHaHCHHK) nepeMCHHOH BpeMeHH T G r, Hpeo6- 
pasoBanneM (4.4.1) BsaHMHOOAHOSHanHbiM oGpasoM conocxaB- 
jiaexca xojibKO oaho SHaneHHe z' gT^' . 

Hs (4.4.1) HMeeM T'<tQ. ^jia HaxoacACHHa npoMeacyxKa 
BpeMeHH MeacAY MOMenxaMH BpeMenn ^q h r' nocxynHM cjie- 

AyKDIUHM oGpaSOM. IIpeACXaBHB (4.4.1) B 3KBHBajieHXH0H 3a- 

HHCH t-T = tQ-T' saKjiKDHaeM, Hxo yAajieHHe (no BpeMeHH) 

KajKAoro (JDHKcnpoBaHHoro xeKymero snaneHHa BpeMenn t ox 
nponsBOJibnoH nepeMeHHon BpeMeHH z , Bcer^a OAnnaxoBO c 
yAajienneM HanajibHoro SHaneHHa BpeMeHH ^q ox cooxBex- 
cxByKDineH HpeoGpasoBaHHOH HepeMennoH BpeMenn t' . 

IIpH paBencxBe t = tQ h3 ycjiOBHa r e T^ HMeeM, hxo 

T = tQ. C ynexoM 3xhx paBencxB h3 (4.4. 1) nojiynHM ^q = ^q , a 

npH cooxHomeHHax z = t>tQ h3 (4.4.1) nenocpeACXBeHHO cjie- 

Ayex, HXO t' = tQ. 

Tax HXO BO BcaKHH xexyinHH MOMeHx BpeMeHH t gT xexy- 
maa t- necymaa hjiockocxb, xpaHCCJ^opMnpoBannaa b xexy- 
myK) t' - Hecymyio njiocKocxb npeoGpasoBaHHeM BpeMeHH 
(4.4.1), saBeAOMO saiiMex reoMexpHnecKoe Mecxo Iq- necy- 

men HjiocKOCXH h, cxano 6bixb, cxanex a6cojiK)XHO neno- 
ABH5KH0H oxHOCHxejibHO npeoGpasoBaHHOH aAanXHBHOH Koop- 
AHHaxHOH CHCxeMbi. TeM caMbiM, npeoGpasoBaHHe (4.4.1) 
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yAOBjiexBopaex ycjiOBHK) 1. HpoBepKa cnpaBeAJiHBOCXH ycjio- 
BHa 2 eme npome. 

BjiaroAapa co6jiK)AeHHK) 3thx ycjiobhh, HSoGpaaceHHa xe- 
KyinHx t' - HecyinHx njiocKOCxcH BcerAa aGcojiioxHO neno- 
ABHacHbi H pasMcmaioxca na nepeAHeM njiane, a HSoGpaaceHHa 
npoHHx t' - HCcyinHx njiocKOCxcH, cooxBCxcxByKDinHx yace 
npomeAuiHM MOMenxaM BpeMeHH z , pacnojiaraioxca na 3aA- 
HCM njiane co cjieAyioinHM ynopaAOHeHHeM: 

t' - HecyiuHe njiocKOCXH, cooxBexcxByKDinHC k HCAaBHO 
npomeAuiHM MOMCHxaM BpeMeHH z , Bcer^a pacHOJiararoxca 
6jiH5Ke K xeKymeH t' - Hecymen njiocKOCXH, HeM t' - necyiuHe 
njiocKOCXH, oxBenaioiuHe k 6ojiee nosAHHM npomeAuiHM mo- 
MeHxaM BpeMeHH. 

OGpasHO roBopa, KapxHHbi peanbHoro Ha6jiK)AeHHa, oxBe- 
HaKDinne npomeAinHM MOMenxaM BpeMenn, nponopiiHOHajibHO 
c xeneHHeM BpeMeHH «yHjibiBaK)x BAajib» ox xexyineH t' - He- 
cymen HjiocKOCXH 6e3 HapymeHHa ynopaAOHeHHOCXH bo Bsa- 
HMHbix pacHOJioaceHHax, H B cxporo oxpHijaxejibHOM nanpaB- 
jieHHH opnenxaitHH ocen BpeMeHH. TeM caMbiM, HOJiHOCXbio 
ycxpanaKDxca BceBOSMoacHwe saxenaioiuHe 34)4)eKXbi z' - ho- 
jioc H t' - hal-HOBepxHOCXH AJi^ xeKymeH t' - Hecymen hjio- 

CKOCXH. 

OGpaxHoe HpeoGpasoBanne A-n« BpcMennbix KOopAHHax, 

OHCBHAHO, npHMCX CJICAyiOIUHH BHA 

T: = T:' + t-tQ. (4.4.2) 

r^e z' gT^' , H Bce chmbojiw BpeMCHH 6e3 mxpHxa onpeACJieHbi 
xaxace xax b (4.4.1). 

B KaaCAblH (JDHKCHpOBaHHblH XexyiUHH MOMCHX BpeMCHH 

t eT BcaKOMy SHaneHHio npeoGpasoBaHHOH nepcMeHHOH Bpe- 
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MeHH z' G Tl oGpaxHbiM npeoGpasoBaHHeM (4.4.2) BsaHMHOOA- 
HOSHaHHbiM oGpasoM conocxaBjiaexca tojibko oaho SHaneHHe 

06e npeo6pa30BaHHa (4.4.1) h (4.4.2) aBjiaroxca nenpe- 
pbiBHbiMH npeoGpasoBaHHaMH CABHra BpeMeHH cooxBexcT- 
BeHHO B oxpHijaxejibHOM: ^q-^<0, h b nojioacHxenbHOM: 

t-tQ > , HanpaBjieHHax opHenxaitHH ocefi BpeMeHH. 

CjieAOBaxejibHO, HpeoGpasoBanne BpeMeHH (4.4.1) A-na 
KaacAoro (JDHKcnpoBaHHoro xeKymero MOMenxa BpeMenn t ^T 
onpeAejiaex roMeoMop4)Hoe oxoGpaaceHHe. 

HHBapHaHXHOCXb BpeMeHHbix KOopAHHax xoneK oxhoch- 
xejibHO npeoGpasoBaHHH npocxpaHCXBeHHbix KOopAHnax, no3- 
BOJiaex 6e3 saxpyAHeHHH ynnxbiBaxb b cooxBexcxByKDinHx on- 
peACJieHHax H (JDopMyjiax npeoGpasoBaHHH, xax npaMoe npe- 
oGpasoBaHHe BpeMeHH, xax h oGpaxnoe npeoGpasoBanHe Bpe- 
MeHH. OaKXHHecKH, B KaacAOM paccMaxpHBaeMOM cjiynae ynex 
HpaMoro HpeoGpasoBaHHa (4.4.1) cboahxc^ k ocymecxBjieHHio 
saMen cooxBexcxBenHO nepeMeHHOH BpeMenn (r h^ r'), xeKy- 
mero SHaneHHa BpeMeHH {t\-^t'), h oxpesxa BpeMenn 

HxaK, B HpeoGpasoBaHHOH aAanxHBHOH KoopAHnaxHOH ch- 
cxeMe B KaacAWH xeKyinHH MOMenx BpeMeHH t ^T xexymaa t - 
necymaa hjiockocxb roMeoMop4)H3MOM (4.4.1) xpanccj^opMH- 
pyexca B xeKymyK) t' - HecymyK) hjiockocxb, aBjiaiomeHca ho- 

CHxejieM AJia BepxHKajieH GA°{t'), GB°(t'), Op°{t') h hal- 

rpa4)a GH°{t'). 

B pesyjibxaxe, Bce xeKymne KapxHHbi HaGniOAeHHa pas bo- 
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paHHBaiOTca Ha oahoh nenoABHacHOH njiocKOCXH, pacnojio- 
aceHHOH Ha Mccxe hcxoahoh HecymcH njiocKOCXH. FoBopa 

KOHKpexHO, Bce xpH BepxHKajiH GA°{t'), GB°{t'), Op°[t'), ox- 
BenaioiuHe xexyinHM SHaneHHaM BpeMCHH h nenoABHacHbie 
oxHOCHxejibHO t' - HecymeH njiocKocxH, npeBpamaroxca b a6- 
cojiioxHO HcnoABHacHbix xpex napanjiejibHbix oxpesKOB. Ohh 
BbinojiHaKDx 4)yHKLiHH aGcojiKDXHO HenoABHJKHbix reoMCxpH- 

HeCKHX OpHeHXHpOB JiJIfl OLieHKH npOCXpaHCXBCHHblX MCCXO- 

pacnojioaccHHH BepuiHH xexyinHx hal-rpa4)0B. 

KapxHHbi HaGjiKDACHHa, oxBenaKDiuHe npomeAuiHM mo- 
MeHxaM BpeMeHH, nponopiiHOHajibHO xeneHHio BpeMCHH yna- 
jiHioxca ox xeKymeH t' - HecymeH hjiockocxh b oxpHija- 
xejibHOM HanpaBjieHHH opneHxaitHH ocen BpeMeHH. 3xo, c oa- 
HOH cxopoHbi, HOSBOJiaex Ha6jiK)AaxejiK) HyxeM cpaBnenHH 
KapxHHbi HaGjiKDACHHa HepeAHero njiana c KapxnnaMH na- 
6jiK)AeHHa saAHero njiana npocjieAHXb sa 3B0JiK)LiHaMH (Anna- 
MHKOH HSMeneHHa) nojioaceHHH BepuiHH hal-rpacj^OB, a c Apy- 
roH cxopoHbi, nojiHOCXbK) HsGaBjiaex xexyiuHe KapxHHbi na- 
6jiK)AeHHa ox sacjiOHaioinHx BjiHaHHH xpex t' - nOJIOC H OA- 
HOH t' - hal-noBepxHOCXH, onpeAeneHHbix cooxBexcxBeHHO b 
npeABiAyiUHx AByx pasAenax. 

^jiH xoro Hxo6bi He AonycxHXb npesMepnoH sarpysKH 3k- 
pana h oGoHXHCb Ges cepbesHwx ycjioacHeHHii oGmefi reoMex- 
pHHecKOH KapxHHbi Ha6jiK)AeHHa, HMeex CMbicji oxoGpasHXb ne 
Bce npouijibie KapxHHbi HaGjiKDACHHa, x.e. ne Bce xe KapxHHbi 
Ha6jiK)AeHHa, Koxopwe oxBenaiox npomeAuiHM MOMeHxaM Bpe- 
MeHH. 

3xa saAana pemena b pasACJie 4.5, na ocHOBe BBeAeHHa ho- 
Bbix AByx napaMexpoB. 
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IIpHMeHaHHH: 

22. He B/iaBaacb b noApo6HOCTH, otmbthm, hto noHaxne a/ian- 

THBHOH KOOpAHHaXHOH CHCTCMbl BKJIIOHaeT B Ce6e HC HCnOJIbSyCMbie 

HaMH B /laHHOH KHHrc /jonojiHHxejibHbie pesepBbi j^jm npoBe/ieHHa yn- 
pomaioiHHx npoijecc Ha6jiK)AeHHH npeo6pa30BaHHH BpeMenn b cjiy- 
naax, Kor/ia hc xojibKO eAHHHijbi BpeMenn, ho h ji,?aKQ xeHCHHa bpcmchh 
Ha pasHbix KOopAHHaxHbix ocax bpcmchh Moryx 6bixb HCOAHnaKOBbiMH. 

23. H/ica xoM, hxo npn HSHanajibHOM o6paxHOM Bbi6opc opncH- 
xaijHH BpcMCHHbix occH a/iaHXHBHbix KoopAHHaxHbix CHCxcM, Hpco6pa- 

30BaHHa BpCMCHH 0Ka5KyXCa HSJIHHIHHMH, HC COCXOaXCJIbHa. H60 B 3X0M 

cjiynac t - Hccynjaa njiocKOCXb xaioKC noABH5KHa, h 6yACx y/ianaxbca ox 

HCCymCH HJIOCKOCXH, HCHblXblBaa C XOAOM BpCMCHH HapajIJICJIbHblC HC- 
pCHOCbl, Ha 3X0X pa3 B OXpHIiaXCJIbHOM HanpaBJICHHH OpHCHXaiJHH OCCH 
BpCMCHH. 



4.5. PEHIEHHE nPOBJIEMLI 

rJIOBAJILHOrO HABJIIOAEHHJI 

EcjiH 6bi Mbi peuiHjiH npoBecTH HaGjiKDACHHe, Hcnojibsya 
TOJibKO I KOopAHHaxHyK) CHCxeMy, TO HaM noxpeGoBajiocb 6bi 
cjieAHTb 3a HSMCHeHHaMH npocTpaHCTBCHHbix pacnojioaccHHH 
Bcex nexbipex thhob tohck (4.1.1), Koxopwe BMecxe xapaxxe- 
pH3yK)T BCCb oGtCM HMCKDineHca H nocxynaioineH b xeKymeM 
peacHMC HHcJjopMaiiHH ox n AaxHHKOB pasHoro HasHaneHHa. 
OAHaKO nocjie onncaHHoro b III rjiaBC nepexo^a ox noABHac- 
HOH II KOopAHHaxHOH CHCxeMbi K HenoABH5KHOH npeoGpaso- 
BaHHOH aAanxHBHOH KOopAHHaxHOH CHCxeMe, CHxyaiiHa ko- 
pcHHbiM o6pa30M Menaexca. 

CorjiacHO (JDopMyjiaM (4.1.10) (o5ecneHHBaK)inHM cbohcx- 
BO cxaxHHHOCXH A-JM onpeACJieHKbix B pasACJie 4.2 reoMexpHne- 
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CKHM CHMMCxpHHecKHM oGtCKxaM), djiH npoijccca CJieJtCeHMH 
nodjiUHHbiii unmepec npedcmaejiHiom noeedenuR mojibKO od- 
Hoeo muna moneK e npeodpasoeauHOU adanmueuou Koop- 
duHaniHoii cucmeMe, a UMenno moneK euda 

//°."(r)=/;."(r),r.., 

aBjiaKDinHxca BepuiHHaMH ijejiocTHOH reoMCTpHHecKOH cxpyK- 
xypbi - hal-rpa4)a. B cbok) onepeAfc, 3th BepuiHHbi - oGpasbi 

(JDHKCHpyeMblX B I KOOpAHHaXHOH CHCXeMC COOTBeXCTByiOIUHX 

(no HHAeKcaM h BpeMCHH) HaGjiKDAacMbix xoneK 

OGpasbi xaKHx tohck npn oxoGpaaceHHax (4.1.5),(4.1.6) h, c 
ynexoM npeoGpasoBanHH BpeMCHH (4.4.1), MoacHO onpeACJiHXb 

CJieAyiOIUHMH COOXHOmeHHaMH: 

tyir), r'.. =|-A(/,(r)-c^.(r))/(a,.(r)-c^.(r))i r'l (4.5.1) 
npH ij{z)<Cij{z),w. 

tyizl t' .. = \^(ij{T)-Cy{T))l[by{T)-Cy{T)\ t'\ , (4.5.2) 

ij y 

npH ij{T)>Cy{T). 

3Aecb ^0 ~ HanajibHoe SHaneHHe BpeMCHH, ^ g T = [^g^ ^i] ~ 
xexymee SHaneHHe BpeMeHH, t ^T^ = \tQ,t\- nepeMCHHaa Bpe- 
MCHH H t' G 7^'= [2^0 ~t, ^0] ~ HpeoGpasoBaHHaa HepeMennaa 
BpeMeHH (ho 4)opMyjie (4.4.1): t'= t +tQ-t). 

B 4)opMyjiax (4.5.1),(4.5.2), ynnxbiBaioinHx BjinaHne (JDop- 
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Myjibi npeoGpasoBaHHH bpcmchh (4.4.1), Meac^y MOMCHxaMH 
BpeMCHH z H t' cymecTByKDT saBHCHMOCTb (onpeACJiaeMaa 
3T0H ace 4)opMyjiOH). ^jia xaacAoro xeKymero SHaneHHa Bpe- 

MeHH T =t W3 3THX (JDOpMyjI HMeeM 

/;."(4 ^0 .. = \-x[ij{t)-Cy{t))l[ay{t)-Cij{t)\ to I , (4.5.3) 
npH ij{t)<Cy{t)ii 

it), tQ = \fi(ij{t)-c,j{t))/(b,j{t)-c,j{t)\ ^0 L (4.5.4) 



.,. 



"J 



npH ij{t)>Cij{t). 

CjiCAyex oGpaxHTb BHHMaHHe na to, hto npn nepexoAC ox 
4)opMyji (4.1.5),(4.1.6) k 4)opMyjiaM (4.5.1),(4.5.2) hjih (4.5.3), 
(4.5.4) saMeny nepeMeHHOH BpeMeHH r i— > r' mm ocymecxBH- 

JIH TOJIbKO no OTHOmeHHK) K BpeMeHHbIM KOOpAHHaxaM TOHCK, 

T.e. npeoGpasoBaHHa BpeMCHH (4.4.1) ne KOcnyjiHCb saBHCH- 
MblX OT BpeMeHH HpocxpaHCTBeHHbix KoopAHHax ToneK. 

3x0 CBasano c xeM, hxo KOHKpexHaa xapxHRa HaGjiKDACHHa, 
nojiyneHHaa na jik)6oh npeoGpasoBanHOH xeKyineii t' - necy- 
mefi njiocKOCXH, b nocjieAyioiuHe MOMenxbi BpeMeHH, oneBHA- 
Ho, cxanoBHxca KapxHHOH Ha6jiK)AeHHa, oxBenaKDineH coox- 
BexcxByioinHM HpouijibiM MOMenxaM BpeMeHH. HoaxoMy ee 
HSoGpaacenna 6e3 bchkux usMeHeHuii Moryx 6bixb BOcnpoHS- 
BeACHbi Ha necyinHx HjiocKOCxax, oxBenaioinHM HpoiiijibiM mo- 
MenxaM BpeMenn. 

OopMyjibi (4.5.3),(4.5.4) nosBOJiaiox na npeoGpasoBaHHoii 
xeKymeH t' - njiocKOCXH ycxanoBHXb nojioaceHHa BepuiHH xe- 
Kymero hal-rpa4)a GH°[t'). TeM caMbiM, caMa reoMexpHne- 
CKaa KOHCJDHrypaiiHa hal-rpacJDa GH°{t'), HaxoA^meroca na Me- 
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cxe HCXOAHOH HecymeH njiocKOCXH, Gy^ex BsaHMHOOAHOSHan- 
HbiM oGpasoM onpeACJiaxb cocxoaHHa noKasaHHH AaxHHKOB, 
cooxBexcxByioinHx nacxoaineMy MOMenxy BpeMeHH. B cbok) 

OHepCAb, no 3XHM XexyiUHM COCXOaHHaM BSaHMHOOAHOSHan- 

HbiM o6pa30M ycxaHaBjiHBaKDxca HcxHHHbie xexyiuHe cocxoa- 
HHa HaGjiKDAaeMbix oGtexxoB, hxo aBjiaexca BaacHOH a-h^ cjie- 
aceHHa. 

HsoGpaaccHHa npomeAuiHx KapxHH Ha6jiK)AeHHa Hocax 
ynopaAOHeHHbiH xapaxxep, a HMeHHO b cooxbcxcxbhh c (JDop- 
MyjiaMH t' = tQ H t-T = t' -t' , BbixexaKDinHx H3 (JDopMyjibi npe- 

oGpasoBaHHH bpcmchh (4.4.1), yAajienHe (no BpeMenn) xaac- 
AOH (jDHKcnpoBaHHOH xcKyinen t - Hecymen njiocKOCXH ox npo- 
HSBOJibHOH T - Hecymen njiocKOCXH BcerAa OAnnaxoBO c yna- 
jienHeM npeoGpasoBannon xeKymen t' - Hecymen njiocKOCXH 
ox cooxBCxcxByKDinen npeoGpasoBannon t' - necymen njiocKO- 

CXH. 

OGpaxHbie 4)opMyjibi nepexoAa, c ynexoM npeoGpasoBa- 
HHH BpcMcnH (4.4.1), onpeACJiaRDxca cjieAyiomnMH (JDopMyjia- 
mh: 



c^.(r)-i(a^.(r)-c^.(r))x°",r' 



t 

5 


c 

X 


"<0, 


(4.^ 


5.5) 


y 










5 


o 

X 


'>0. 


(A.t 


).6) 



r^e npcAnojioaceno, hxo Meac^y MOMenxaMH BpeMenH r n r' 
cymecxByKDx saBHcnMOCXb, onpeAenaeMaa (JDopMyjion (4.4.1). 
OopMyjibi (4.5.5) H (4.5.6), b nacxHOCXH, nosBOJiarox no na- 

GjiKDAacMbiM xoHKaM //j°"(r)= ij" {t),t BsanMHOOAnosnan- 
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HbiM oGpasoM HaHTH HcxoAHbie Ha6jiK)AaeMbie SHaneHHa: 
//,.(t) = (/^.(t),t)^,/ = W,7 = U;. 

Cyxb npeAJiaraeMOH eeoMempuHecKoii eepcuu pemenuH 
npodneMbi enodanbHoeo nadjiiodeHUH mojkho BbipasHXb cjie- 
AyKDinHMH cooGpaaceHHaMH: 

r . IIpH HSBCCTHbix onxHMajibHbix SHaHeHHflx noKasaHHH 
AaxHHKOB, 3a cnex npHMeneHHa roMeoMopcJDHbix npeoGpasoBa- 

HHH (4.1.5) H (4.1.6) Bce BepuiHHbi hal-rpa4)a GH°(z) OKasbi- 

BaKDxca Ha onxHMajibHOH BepxHKajiH Op°[t), h no3xoMy npn 

jiK)6oM yKjiOHCHHH xcKyinero SHaneHHa KaKoro-jiH6o AaxHHKa 
ox onxHMajibHoro SHaneHHa, npaMOJiHHeHHaa cxpyKxypa hal- 

rpacJDa GH°{t) napymaexca, hxo BHsyanbHO jierKO oGnapyacH- 
Baexca Ha AHcnjiee. B caMOM Aene, saiviexHXb ^aace neGojib- 
moro HSMeneHHa nojioaceHHa, k npHMepy, KaKOH-jiHGo ne koh- 

LICBOH BepuiHHbi hal-rpa4)a GH°[t), aBjiaioineHca Bcero jiHuib 

OAHOH H3 reOMCXpHHeCKHX XOHCK, HCXpyAHO, nOCKOJIbKy 3X0 

HSMCHeHHe conpoBoacAaexca HSMeneHHaMH nojioaceHHH 6ec- 
HHCJiCHHoro MHoacecxBa reoMCxpHHecKHx xonex, h3 Koxopwx 
coGcxBeHHO cocxoax ABa pe6pa hal-rpa4)a, nepaspbiBHO npn- 
MbiKaroiuHe k 3xoh BepuiHHe. 

Ho 3X0H ace npHHHHC, hc cocxaBjiaex ocoGoro xpy^a onpe- 
ACJieHHe KanecxBa 4)yHKLiHOHHpoBaHHa oGtexxoB naGjiiOAe- 
HHa, Koxopoe CBOAHxca K npocxbiM cpaBHeHHaM reoMexpHHe- 

CKHx nojioaceHHH BepuiHH hal-rpacJDa GH°[t) no oxHomeHHio 
K AByM rpaHHHHbiM BepxHKajiaM GA°[t), GB°[t) h oahoh on- 
xHMajibHOH BepxHKajiH Op°[t). 
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2° . IIpH onxHMajibHbix SHaneHHax Bcex AaxHHKOB, CHrna- 
jiHSHpyKDinHx o6 HAeajibHOM (JDyHKLiHOHHpoBaHHH Ha6jiK)Aae- 
Mbix oGteKTOB, hal-rpacj) coBnaAaex c onxHMajibHOH BcpxH- 
KajibK), H B Hxore, BHAHMaa Ha SKpane KapxHHa HaGniOAeHHa 
ynpomaexca. IIocKOJibKy b 3xom cjiynae, xexymaa KapxHHa na- 
6jiK)AeHHa cocxoHx Bcero hs xpex nenoABHacHbix BepxHKanb- 
Hbix oxpesKOB H pasjiHHHbix HSoGpaacaeMbix sjieMenxoB neno- 

ABH5KH0H npeoGpaSOBaHHOH aAanXHBHOH KOOpAHHaXHOH CH- 

cxeMbi (cm. npHMenaHHe 24). 

3° . BjiaroAapa xpHBHanbHOCXH CHMMCxpHHecKHx cxpyKxyp 
rpaHHHHbix BepxHKajieH h onxHManbHOH BepxHKanH, Bocnpo- 
HSBeAeHHe hx na AHcnjiee eine ao Hanajia npoiiecca cjieaceHHa 
He npeACxaBjiaex xpyAHOCXH npn saAannbix HaGniOAaxejieM 
SHaneHHax napaMexpoB A h /i . 

HanpHMep, HSoGpaaccHHe jiioGoh xpoHKH h3 xpex BcpxH- 
KajiCH, npHBeACHKbix Ha pnc. 13 Moacex 6bixb BOcnpoHSBeACHO 
Ha SKpane eine ao Hanajia npoiiecca cjieacenHa. HocKOJibKy, 
GjiaroAapa npeoGpasoBaHHaM BpeMeHH (4.4.1), HSoGpaacenHa 
rpaHHHHbix BepxHKajieH h onxHManbHOH BepxHKanH, coox- 
BexcxByKDinHC npoHSBOJibHOMy xcKymeMy MOMenxy BpeMeHH 
z , BcerAa oxasbiBaioxca na hcxoahoh necymeH njiocKOCXH, 
npHHeM Ha oahhx h xex ace Mecxax, onpeAenenHbix HaGniOAa- 
xejieM. 

Hxor ACHCXBHa npeo6pa30BaHHH (4.1.5) h (4.1.6) k hcxoa- 

HblM rpaHHHHbIM H OnXHMajIbHbIM XOHKaM (4.1.1) XaKOB: - Mbl 

AOCXHraeM KoneHHoro 34)4)eKxa ocymecxBjieHHa 3xhx npeo6- 
pasoBaHHH 6e3 (paKmunecKOU ux peamisaifuu, x.e. 6e3 npoBe- 
AeHHa BbiHHCJieHHH (3XH BbiHHCJieHHa M05KH0 npoBecxH 3a6jia- 
roBpeMeHHO, Aa h xo jiHuib b npoBepoHHbix ijejiax). 
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Op°{t) 



Pud 3. H3o6pa5KeHHa rpaHHHHbix BepxHKajieH h onxHMajibHOH 
BepxHKajiH B npeo6pa30BaHHOH aAanxHBHOH KOopAHnaxHOH CHCxcMe b 

MOMCHX BpCMCHH T JiJiH CJiyHaeB X = jj. , X < jj. H X > jj. COOXBCX- 
CXBeHHO. 
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4° . B pesyjibxaxe npHMeneHHa npeoGpasoBaHHH BpeMCHH 
(4.4.1), Bce xeKyiuHe KapxHHbi Ha6jiK)AeHHa pasBopaHHEarox- 
ca Ha HenoABHJKHOH npeoGpasoBaHHOH xeKyinefi njiocKOCXH, 
pacnojioaccHHOH na nepeAHCM njiane - na Mecxe hcxoahoh hc- 
cymeH njiocKOCXH. KapxHHbi HaGjiKDACHHa, oxBenaKDiuHe npo- 
uieAuiHM MOMeHxaM BpeMCHH HpoHopiiHOHajibHO xeneHHio 
BpeMCHH yAajiaioxca ox 3xoh hjiockocxh b oxpHLiaxejibHOM Ha- 
HpaBjieHHH opneHxaitHH ocen BpeMenn. 

3x0, c OAHOH cxopoHbi, HOSBOJiaex Ha6jiK)AaxejiK) nyxeM 
cpaBHCHHH KapxHHbi HaGjiKDACHHa HepeAHero Hjiana, c xapxH- 
HaMH HaGjiKDAeHHa saAHero njiana, npocjiCAHXb sa seonioijUH- 
MU (AHHaMHKOH HSMeHeHHa) nojioaccHHH BepuiHH hal-rpa4)0B, 
a c ApyroH cxopoHbi, nosBOJiaex HsGaBHXb xexyiuHe KapxHHbi 

HaGjIKDACHHa ox SaCJIOHaKDIUHX BJIHaHHH Xpex t' - nOJIOC H OA" 

HOH t' - hal-noBepxHOCXH. 

HxaK, peajiHsaiiHa npeoGpasoBaHHH (4.4.1) nosBOJiaex na- 
6jiK)AaxejiK) AonojiHHxejibHO ocymecxBjiaxb cjieaccHHe sa ah- 
HaMHKOH HSMeHeHHH noKasaHHH AaxHHKOB. IIpH 3X0M He pe- 
KOMCHAyexca Aonycxaxb npesMepHOH sarpysKH AHcnjiea. B 

CBaSH C 3XHM BBCACM CJieAyiOIHee HOBOe nOHaXHC. 

OnpeAejieHHe 4.5.1. OnpedejineMoe etidopoM nadjiio- 
damejiH odufee KOJiuuecmeo usodpajfcaejubix npotujibix Kap- 
muH HadjiwdenuH (m.e. z' - necyufux rmocKOcmeu, omeeuaio- 
ufux npomedmuM MOMenmaM epcMenu z , u pasMemaeMux 
Ha ducrijiee e coomeemcmeuu c deucmeuejvi npeodpasoea- 
Huii epejueHu), nasoeeju napajuempoM njiomnocmu u3o6pa- 
jfcacMbix npomjiux Kapmun nadjiiodeHUH, ujiu KpaniKO, na- 
pajuempoM njiomnocmu npedbicmopuu HadniodeHUH. 

HapaMexp njioxnocxH npeAwcxopHH HaGjiKDACHHa oGosna- 
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HHM CHMBOJIOM p . 

OGinee kouhhcctbo bccx HsoGpaacacMbix KapxHH Ha6jiK)Ae- 
HHa, OHCBHAHO, onpcAejiaexca paBeHCTBOM p + 1 . B nacTHO- 
CTH, BbiGop HaGjiKDAaxejieM nyjieBoro SHaneHHa a-h^ napaMexpa 
npcAwcTopHH: p = 0, osHanaex, hto HaGniOAeHHe ocymecx- 
Bjiaexca nocpeACTBOM oGospeHHa tojibko xcKyinHx KapxHH na- 
GjiKDACHHa, HOCHxejiaMH Koxopwx aBjiaKDxca aGcojiKDXHO Heno- 
ABHJKHbie Ha AHcnjiee xcKyiuHe t' - Hecyinne njiocKOCXH. 

IIpH 3X0M, ecxecxBCHHO, npomjibie KapxHHbi HaGjiKDACHHa 
Ha AHCHjiee ne HsoGpaacaioxca, HeM, c oahoh cxopoHbi, aocxh- 
raexca SHanHxejibHoe ynpomcHHe oGinefi KapxHHbi HaGniOAe- 
HHa, OAHaKO, c ApyroH cxopoHbi, cxanoBHxca saxpyAHHxejib- 
HbiM ocymecxBjieHHe cjieaceHHa sa AHHaMHKOH HSMeHeHHH no- 

KaSaHHH OXAejIbHblX AaXHHKOB. 

Ha pHC.14 HSoGpaacena OAHa h3 BOSMOJKHbix KapxHH na- 
6jiK)AeHHa, oxBenaioinaa SHaneHHio p = . Ha pHcyHxe hal- 
rpacj) HSoGpaaceH acHpnoH jiHHHeH. Bhaho, hxo oGtexx 1 koh- 
xpojiHpyexca ACBaxbH) AaxHHKaMH H yseji 3xoro oGtexxa, koh- 
xpojiHpyeMbiH mecxbiM AaxHHKOM, na AaHHbiH xexyinHH mo- 

MeHX BpeMCHH HaXOAHXCa B aBapHHHOM COCXOaHHH. Hs pHcyH- 

Ka BHAHO, Hxo AaxHHKH c HOMepaMH 2 H 3 noKasbiBaiox onxH- 
MajibHbie SHaneHHa. ^axHHKH, KOHxpojinpyioiuHe oGtexx 2 (hx 

KOJIHHeCXBO paBHO 16), CHrHajIH3HpyK)X O XOM, HXO oGtCKX Ha 

AaHHbiH xexyinHH MOMenx BpeMeHH (JDyHKiiHOHHpyex b npcAC- 

JiaX HOpMbl. CeMb AaXHHKOB, KOHXpOJIHpyKDIUHX o6teKx TV - 1 , 

CHrHajiHSHpyiox o6 HAeanbHOM (x.e. onxHManbHOM hjih homh- 
HajibHOM) (JDyHKiiHOHHpoBaHHH 3xoro oGteKxa Ha AaHHbiH xe- 

KyiUHH MOMenX BpeMeHH. ^aXHHKH, KOHXpOJIHpyKDIUHe o6teKx 

N (hx KOJiHHecxBO paBHO 1 8), CHrnajiHSHpyiox, hxo, necMOxpa 
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Ha TO, HTO oGtCKT (JDyHKiiHOHHpyeT B npeACJiax HopMbi, SHane- 

HHa AaXHHKOB 6 H 1 1 HaXOA^TCa B OnaCHOH 5jIH30CTH ot coot- 

BexcTByioinHx K 3T0My MOMeHxy BpeMeHH HeAonycTHMbix sna- 

HCHHH rpaHHHHblX (JDyHKLlHH. 

HapaMexp njioxHOCXH npeAwcxopHH npn SHaneHHax p > 

yKasbiBaex xojibKO jiHuib na oGinee kouhhccxbo HSoGpaacae- 
Mbix npomjibix KapxHH HaGniOAeHHa, hxo ocxaBjiaex oxKpw- 

XblM BOnpOC O BblGope KOHKpeXHblX KapXHH Ha6jIK)AeHHa, KO- 

xopbix cjieAOBajio 6bi HSoGpaacaxb na AHcnjiee b yxasaHHOM 

KOJIHHeCXBe. 

IIo-BHAHMOMy, Hacxo M05KH0 05KHAaxb, Hxo ji,ji5i cjieaceHHa 

3a 3B0JIK)LlHaMH HHCJieHHblX nOKaSaHHH OXAejIbHblX AaXHHKOB 

HaHGojibuiyK) ijeHHOCXb npcACxabax xe KapxHHbi Ha6jiK)Ae- 
HHa, Koxopbie cooxBCxcxByiox oxHOCHxejibHO HeAaBHO npo- 

UieAUIHM MOMCHXaM BpeMCHH. 

HMea B BHAy 3X0 o6cxoaxejibcxBo, BBCACM eme oaho hoboc 

nOHaXHC. 

OnpeACJieHHe 4.5.2. IIpoMejfcymoK epejuenu, nasna- 
HaeMbiii HadjiTodameneM (e edunuijax u3MepeHUH xpono- 
Mempa nadjiiodeHUH) u omcHumueaeMuu Kaotcdbiii pas, na- 
Hunan c meKyiqeeo MOMenma epejuenu, nasoeeM nepuodoM 
u3o6pajtceHUH npomnux Kapmun nadjiiodeHUH, unu 6ojiee 
KpantKO, nepuodoM npedbicmopuu HadjimdeHUH. 

IlepHOA npCAWCXOpHH HaGjIKDACHHa 0603HaHHM CHMBO- 

jiOM a . 

Hs npHBCAeHHbix Bbime onpeAeneHHH, b nacxHOCXH, cjie- 

AyeX, HXO BHe SaBHCHMOCXH ox KOHKpeXHblX SHaneHMH p H o , 

xcKyiuHe KapxHHbi HaGniOAeHHa BcerAa 6yAyx HSoGpaacenbi na 
AHcnjiee. 
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^ =18:00:49 




Puc.l4. OparivieHTbi bo3mo5khoh KapxHHbi Ha6jiK)AeHHa na hckoto- 
pbiH TCKyiHHH MOMCHT BpeMCHH T = 18 : 00 : 49 , OTBenaioiHeH nyjieBOMy 
SHaneHHio napanexpa npeAbicxopHH. 
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PaCCMOXpHM HCKOTOpbie npHMCpW, HJIJIIOCTpHpyiOIUHe npH- 

MeHCHHa B npoLiecce cjieaceHHa napaMexpa njioxHOCXH p u 
nepHOAa npeAwcxopHH HaGniOAeHHa a . 

J\jm onpcAejieHHOCXH npHMeM, hxo cexyHAa - eAHHHiia h3- 
MepeHHa xpoHOMexpa HaGjiKDACHUH, h aBjiaexca (JDHSHnecKOH 

paSMepHOCXbK) A-H^ eAHHHIlbl HSMepeHHa BCeX KOOpAHHaXHWX 

oceH BpeMCHH npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHofi 

CHCXCMbl. 

Ho onpeAejieHHK) 4.5.2, nepnoA npeAwcxopHH HaGniOAe- 
HHa (0 xaxace Gy^ex HMexb (JjHSHHecKyio pasMepnocxb cexyH- 
Abl. 

ripHMcp 1. PaBeHCXBa p = l h o=2 osHanarox, hxo na 
AHcnjiee b xaacAyK) xeKymyio cexyHAy - nanHHaa c MOMenxa 
BpeMCHH t>tQ+co - 6yAyx HSoGpaacenbi abc KapxHHbi na- 

6jiK)AeHHa, cooxBexcxByroiuHe xexyineMy MOMCHxy BpeMeHH t 
H yace npomeAuieMy MOMCHxy BpeMeHH t-2 . 

O^na H3 HHx, a HMenno xapxHRa HaGniOAeHHa, oxBenaK)- 
maa npeoGpasoBaHHOMy xexymeMy MOMenxy BpeMeHH t' 6y- 
Aex pacHOJioacena na Mecxe hcxoahoh necymeH njiocKOCXH (na 
nepeAHeM njiane), xax xax t' = tQ b cooxBexcxBHH ACHCXBHaMH 
npeoGpasoBaHHH BpeMeHH (4.4.1) (cnnxpoHHO BbinojiHaeMbix 
Ha Bcex BpeMeHHbix KOopAHnaxHbix ocax tj' npeoGpasoBan- 

HOH aAanXHBHOH KOOpAHHaXHOH CHCXeMbi). 

Bxopaa KapxHHa HaGjiKDACHHa, oxBenaioinaa npomeAuieMy 
Ha ABe cexyHAbi panee npeoGpasoBanHOMy MOMenxy BpeMeHH 
t' -2 , pacHOJio>KHxca na (q-I- necymeH hjiockocxh (na saA- 

HeM Hjiane). 

Saccb Mbi npHMeHHjiH (JDopMyjiy: 



198 r.naea IV. FeoMempuHecKoe peiuenue npo6jieMbi cne.M'.eHUR 

(t-ct)^ =t'-o . (4.5.7) 

OxMexHM, HTO (JDopMyjia (4.5.7) npn SHaneHMH r = t-a) h, 
c ynexoM paBencxBa t' = tQ, cjieAyex h3 (4.4. 1). 

Ohcbhaho, hxo Bxopaa KapxHHa HaGjiKDACHHa He Gy^ex 
HSoGpaacaxbca na AHcnjiee npn SHaneHHax: ^ < ^q + pa . 

Ha pHC. 15 HSoGpaacena BOSMoacnaa oGinaa KapxHHa na- 
6jiK)AeHHa, oxBenaKDinaa SHaneHHaM p = 1 h o = 2 . 06inee 
HsoGpaaceHHC cocxohx h3 AByx KapxHH HaGjiKDACHHa, oxBe- 
naioinHx xexymeMy MOMenxy r = 20.23.18, h npomeAuieMy na 
ABe ccKyHAbi panee MOMenxy bpcmchh t = 20.23. 16 cooxbcx- 
cxBeHHO. Mbi BHAHM, Hxo oGteKx 1 KOHxpojiHpyexca ACBaXblO 
AaxHHKaMH, npHHCM nojioaccHHe BepiiiHHbi, cooxBCxcxByioineH 
AaxHHKy 7 onacHO 6jih30k k npaBofi rpaHHHHOH BepxHKanH. Hs 
cpaBHeHHa nojioJKCHHH cooxBexcxByroinHx BepuiHH hal-rpa- 
4)0B BHAHO, Hxo noKasaHHe 7-ro AaxHHKa b xexyinHH momchx 
BpcMeHH cxajio jiynme oxHOCHxenbHO ero noxasaHHa AByx 

CeKyHAHOH AaBHOCXH. ^eCaXb AaXHHKOB, KOHXpOJIHpyiOIUHX 

o6teKx 2, CHrHajiHSHpyiox o xom, hxo oGtexx 2 b xexyinHH mo- 
MeHx BpeMeHH (JjyHKiiHOHHpyex HopManbHO, ho Bce-xaKH xy- 
ace, HeM 3xo Gbijio na ABe ceKyHAw panee. CeMb AaxHHKOB, 

KOHXpOJIHpyKDIUHX oGtCKX A^ - 1 , CHrHajIH3HpyK)X 06 onxH- 
MajIbHOM (JDyHKIIHOHHpOBaHHH 3XOrO oGtCKXa B MOMeHXbl Bpe- 
MeHH T = 20.23. 18 H T = 20.23. 16. 18 AaxHHKOB, KOHxpojiH- 
pyioinHx o6teKx N , CHrnajiHSHpyKDx o xom, hxo 3xox oGtexx 
(JDyHKLiHOHHpyex B npeACJiax HopMbi, OAnaxo b HSMeneHHax 
noKasaHHH a^xhwrob 6 h 16 npocMaxpHBaroxca onacHbie xch- 
AeHLiHH - cooxBexcxByioiuHe 3xhm AaxHHKaM BepuiHHbi npH- 
GjiHacaKDxca k rpaHHHHbIM BepxHKajiHM. 



4.5. PeuieHue npo6.neMbi 2.no6a.nbH020 Had.nmdeHUH 199 



20:23:18 ^^ 




1 


— 1 






\ 








f 








\ 


^ 






z.^^. 
















^,„H^ 








\ 








_^^,„'''^ 




















i . 






/ 








J 






nfi■hP^fT ? 


-1 








^ 




^ 






"1 : : 






> 








! ! ^ 




■^ 


















































































i . 










1 / 








\ 








.-^ 








\ 








-==r 








*~^ — ^ 








:^i 








: : \ 






06^eKT N 




















s : \ 








1 








S-, 








r? 








S-, 








: 7 








- — — : 

















p 


^ — 


=^ 


^= 



fl=l u=2 



Puc.15. OparMCHTbi bo3mo5khoh o6ineH KapxHHbi HaGmoAenHH npn 
3HaHeHHax p=l, a=2ceK h j=30°,r/ie j - yroji HMHxaiiHH npaMO- 
ro yrjia (onpeAejien b npHMenaHHH 30). Bo H36e5KaHHe nepeceneHHa 
/IByx KapxHH Ha6jiK)AeHHa, ocymecTBjieH cjxbwt nanpaBO njin KapxHHbi, 
cooTBCTCTByioiHeH npomeAiiieMy MOMCHxy BpeMCHH. 
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IIpHMep 2. PaBeHCTBa p = 2 h o=0.25 osHanaroT, hto 
Ha AHcnjiee b KaacAWH xeKyinHH momcht BpeMCHH t>tQ +0.5 

6yAyT HsoGpaaceHbi xpn KapxHHbi HaGjiKDACHHa, cooxBexcT- 
ByKDiuHe xcKymeMy MOMCHxy BpeMeHH t h AByM npomeAuiHM 
MOMeHxaM BpeMeHH t-0.25 h t-0.5. 

KapxHHa Ha6jiK)AeHHa, oxBenaKDinaa npeoGpasoBanHOMy 
xcKymeMy MOMenxy BpeMeHH t\ HO-HpeacneMy Gy^ex pacno- 
jioacena na Mecxe hcxoahoh Hecyinefi njiocKOCXH (na nepe^- 
HeM njiaHe). C ynexoM (4.5.7), Bxopaa KapxHHa HaGjiiOAeHHH, 
oxBenaKDinaa npomeAuieMy na nexBepxb ceKyHAw panee npe- 
oGpasoBaHHOMy MOMenxy BpeMeHH t' -0.25, pacHOJioacHxca na 
^0-0.25- HecymeH njiocKOCXH (na cpeAHeM njiane). HaoGpa- 
aceHHe 3xoh KapxHHbi HaGniOAeHHa na AHcnjiee noaBHxca 
xojibKO npH SHaneHHax BpeMeHH: ^ > ^q + (p - l)o . 

Tpexba KapxHHa naGjiiOAeHHa, oxBenaioinaa npomeAuieMy 
na nojiceKyHAbi panee npeoGpasoBaHHOMy MOMenxy BpeMeHH 
t' -0.5, c ynexoM (4.5.7), pacHOJioacHxca na ^q -0.5- necymeH 
njiocKOCXH (na sa^neM njiane) h, KoneHHO, ona Gy^ex oxcyx- 
cxBOBaxb Ha AHcnjiee npn SHaneHHax BpeMeHH ^ < ^q + pa . 

Ha pHC.16 HSoGpaacena OAna h3 BOSMoacHbix oGiuhx Kap- 
XHH Ha6jiK)AeHHa, oxBenaioinHx SHaneHHaM p = 2 u o = 0.25 . 
06inaa KapxHHa HaGniOAeHHa cocxohx hs xpex xapxHR na- 
6jiK)AeHHa, oxBenaioinHx xexymeMy MOMenxy t = 11.40.55 h 
npomeAuiHM MOMenxaM BpeMeHH t = 11.40.30 h t = 11.40.05 
cooxBexcxBeHHO. Saccb, bo HsGeacanna nepeceneHMH KapxHH 
HaGjiKDACHHa, Mbi ocymecxBHjiH AonojiHHxejibHbie CABHrn na- 
npaBO AJi^ KapxHH, cooxBexcxByioinHx npomeAuiHM MOMen- 
xaM BpeMeHH. Ha Bcex xpex Kapxnnax Ha6jiK)AeHHa p,jifi pas- 
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rpaHHHCHHa MecxopacnojioaceHHH AaxHHKOB, oxHeceHHbix k 
OAHHM H xeM ace oGtexxaM, HcnojibsoBaHbi ropHSOHxajiBHwe 
HepxoHKH. BjiaroAapa 3xhm HepxoHKaM h3 pncyHKa bhaho, hxo 
Ha6jiK)AaeMbiH oGtexx 1 KOHxpojinpyexca uiecxbK) AaxHHKa- 
MH, oGteKx 2 - xpHHaAuaxbio AaxHHKaMH, npeAnocjieAHHH 
HaGjiKDAaeMbiH oGtexx A^-1 - ACBaxbio AaxHHKaMH h, Haxo- 
Heii, nocjieAHHH Ha6jiK)AaeMbiH oGtexx N - inecxHaAuaxbio 

AaXHHKaMH. 

Bbhay MajiocxH SHaneHHa nepnoAa npcABicxopHH (nex- 
Bepxb ceKyHAbi), na Bcex xpex KapxHHax HaGjiKDACHHa no- 
AaBjiaiomee GojibuiHHCXBO BepuiHH npaxxMHecKH hc ycneBarox 
noMenaxb cboh nojioaceHHa. OAHaxo, xax 3xo bhaho h3 cpaB- 
HeHHa xpex hal-rpacJDOB, nojioaceHHC BepuiHHbi, cooxBexcxByio- 
mcH HexBcpxoMy AaxHHKy oGtexxa 1 cxpeMHxenbHO npnGnH- 
acaexca k onacHOH npaBOH rpaHHHHOH BepxHKanH. 

B peajibHOM npoLiecce cjieaceHHa sa AHHaMHKOH HSMene- 
HHH noKasaHHH AaxHHKOB, BO HsGeacaHHC npesMepHOH sarpys- 
KH AHcnjiea, - npHBOA^meH k ycjioacHeHHK) o5meH reoMexpn- 
necKOH KapxHHbi HaGjiKDACHHa, - HMeex cmmcji, orpaHHHHxca 
HeGojibuiHMH SHaneHHaMH napaMexpa njioxHOCXH npeAfcicxo- 
pHH HaGjiKDACHHa. OAHaKO B HeKoxopbix cjiyHaax, AJM o6ec- 
neneHHa BbicoKoro xanecxBa cjieaceHHa sa HSMeneHHaMH sna- 
HeHHH noKasaHHH AaxHHKOB, Moacex BOSHHKHyxb noxpeGnocxb, 

XOXa 6bl B KpaXKOCpOHHOM nOp^AKe, yBejIHHHXb KOJIHHeCXBO 

HSoGpaacaeMbix npouijibix KapxHH HaGjiKDACHHa. C 3xoh ijejibK) 
B nporpaMMHOM oGecncHeHHH (pemeHHa npoGjieMbi cjieace- 
HHa) cjieAyex npeAycMOxpexb bo3mo5khocxh, nosBOJiaKDiuHe 
HaGjiKDAaxejiK) cooxBCxcxBeHHO yBCJiHHHXb SHaneHHe napaMex- 
pa npeABICXOpHH HaGjIKDACHHa. 
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Puc.l6. OparMeHTbi bo3mo5khoh o6ineH KapxHHbi Ha6jiK)AeHHa co- 
OTBexcTByioiHeH SHaneHHaM p = 2, m =0.25 ceK h j=30°. 



4.5. PeuieHue npo6.neMbi 2.no6a.nbH020 Had.nmdeHUH 203 

Kasajiocb Gw, a-h^ axoro Moryx Gbitb BOCxpeGoBaHbi Gojib- 
uiHC oGtCMbi naMaxH, nyacHbie a-h^ onpeACJieHHa h pasMeme- 

HHa MaCCHBOB AaHHblX XCKyiUHX KapXHH Ha6jIK)AeHHa. HS HHX 

nporpaMMa, KXKjxt>m pas c HHxepBanoM BpeMCHH, paBHbiM 
yKasaHHbiM Ha6jiK)AaxejieM SHaHenHK) nepnoAa npcAwcxopHH, 
AOJiacHa BbiGnpaxb Heo6xoAHMbie a-h^ HSoGpaaceHHa npouijibie 
KapxHHbi Ha6jiK)AeHHa b KOJiHHecxBC paBHbiM SHaneHHio napa- 
Mexpa p . B CBasH c 3xhm b npHMenanHH 27 HanoMHHaexca 
npocxoH npHCM, nosBOJiaioinHH oGoHXHCb B nporpaMMe 6e3 
onpeAejiCHHH cooxBexcxByiomHx xpynHbix MaccHBOB AaHHbix. 
KaK 3X0 BHAHO H3 pHcyHKOB 13-16, npH HSoGpaaceHHax 
KapxHH HaGjiKDACHHa Mbi oGoiiijiHCb 6e3 HsoGpaaccHHH oceii 

BpeMCHH ty' H cxpejiOK KoopAHHaxHbix oceH Xjj' npeoGpaso- 

BaHHOH aAanXHBHOH KOOpAHnaXHOH CHCXeMbl. 

OxKas ox HsoGpaaceHHH cxpenoK KoopAHHaxHbix ocefi x^y' 

npHBOAHx K CHHaceHHK) oGmero KOJiHHecxBa HSoGpaacaeMbix 
Ha AHCHjiee BxopocxeneHHbix Aexajien. HsoGpaacenna ocen 

BpeMeHH ^jy' cxanoBaxca 4)aKXHHecKH hsjihuihhmh nocjie pe- 

ajiHsaiiHH npeoGpasoBaHHH BpeMeHH (4.4.1). KpoMe xoro, xa- 
KOH mar onpaB^an HanHnneM ajibxepnaxHBHOH bosmojkhocxh 
cosAanna na xaacAOH HSoGpaacaeMOH t' - Hecyinefi njiocKOCXH 
no OAHOH MexKe, b KOxopoH yxasbiBaexca cooxBexcxByiomee 
AJia 3X0H HecymeH njiocKOCXH SHaneHHe MOMenxa BpeMeHH t' , 
ycxanaBUHBaeMoe HOKasaHH^MH xponoMexpa HaGniOAeHHa. 

Hnace, b npHMenanHH 25 oiienHBaexca MaKCHManbHoe ko- 
jiHHecxBO AaxHHKOB, 3a KoxopwMH B xeHeHHe AJIHXejIbHOrO 
BpeMeHH Ha6jiK)Aaxejib CMoacex Becxn OAHOBpeMennoe na- 
AeacHoe cjieacenHe. OiieHKa npoBeAena na ocHOBe onpeACJie- 
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HHa MaKCHMajIbHO BOSMOaCHOrO KOJIHHeCTBa OAHOBpCMeHHO 

yMemacMbix na saAaHHOM AHcnjiee napanjiejibHbix KOopAH- 
HaxHbix oceH (c HenyjieBbiM nponycKOM). B npHMenanHH 26 
OLteHCHO o6inee kouhhcctbo apHCJDMexHHecKHx onepaiiHH, ne- 

oGxOAHMblX AJI^ nOJiyHCHHa npOCTpaHCTBCHHblX KOopAHHax 

BepuiHH TCKymero hal-rpa4)a. 3Aecb ace npHBeAenbi cooGpa- 
aceHHa 06 oGineM kouhhcctbo apHCJDMexHHecKHx onepaiiHH, 
HyacHbix AJi^ BbiHHCJieHHa KOopAHHax HSoGpaaceHHH Hepxo- 
HCK, ycxaHaBjiHBaKDinHx ACJieHHa (no A-UHnaM ejxaYmu, H3Me- 
pcHHa) Ha He BpeMeHHbie KoopAHnaxHbie och npeoGpasoBan- 
HOH aAanxHBHOH KOopAHHaxHOH CHCxeMbi. B npHMenaHHax 28 
H 29 npHBCAeHbi noacneHHa k HCKOxopbiM npocxbiM ynpome- 
HH^M npoLieAypbi cjieaceHHa. Ohh Hocax peKOMeHAaxejibHbm 
xapaKxep h HacxHHHO yace npHMeneHbi na Hexoxopbix h3 
pHcyHKOB 13-16. ^jia yAoGcxBa nporpaMHCxoB b npHMenanHH 
30 npHBeACH cnncoK Hexoxopbix hcxoahwx Aannbix, nyacHbix 
npH cocxaBjieHHH nporpaMMbi no npeAJioacennon Bcpcnn pe- 
menna npoGjieMbi cjieacenna. 

IIpHMeHaHHH: 

24. TcKymaa KapxHHa Ha6jiK)AeHHa MOJKex cocxoaxb h3 xpex ne- 
noABH5KHbix BepxHKaxbHbix oxpe3KOB (kohchho. He CHHxaa pasxHHHbix 
H3o6pa5KaeMbix axcMenxoB caMoft iipeo6pa30BaHHOH aAanxHBHoii ko- 
opAHHaxHOH CHCxcMbi) eiHC B AByx /ipyrHx cxynaax, yKasbiBaioiHHx na 
Kaxacxpo(})HHecKHe xeKymne cocxoaHHa Bcex 6e3 HCKxiOHeHHa na- 
6xK)AaeMbix oOieRxoB. B nepBOM cxynae, hal-rpa(}) Moacex noxHOCXbio 
coBMecxHXbca c xcboh rpaHHHHOH BepxHKaxbK), a bo BxopoM - c 
npaBOH rpaHHHHOH BepxHKaxbio. JXirn pasxHHCHHa 3xhx xpex cxynacB 
M05KH0 BOcnoxb30Baxbca pasxHHHbiMH npneiviaMH (nanpHMcp, a/ieKBax- 
HbiM pacnoxo5KeHHeM mcxok coBMcmaioiHHxca BepxHKaxeii hxh HSMCHe- 

HHCM HX XOXIHHHbl, COOXBCXCXByiOIHHM IJBeXOBblM pemeHHCM H T.Ji,.). 

OxMCXHM, Hxo CMemaHHbie cxynan, Kor^a nacxb hal-rpa(J)a pacnoxara- 
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exca Ha oahoh BepxHKajiH, a ocxajibHaa nacxb - na Apyroii, o6biHHO 
jierKO pacno3HaK)xca 6jiaroAapa ijejibHOCXH reoMexpHHecKoii cxpyKxy- 
pbi hal-rpa(J)a. 

25. MaKCHMajibHO B03MoacHoe kouhhccxbo w^ax ' pasMenjaeMbix na 
saaaHHOM AHcnjiee napajiJiejibHbix KOopAHHaxHbix oceft, onpeAenaexca 
no Bbicoxe h npaMoyrojibHoii njiomaAH axpana AHcnjiea h HenyjieBOH 
BejiHHHHe ocpeAHCHHoro nponycKa (paccxoaHna) S ivieayiy 6jiH5KaH- 
niHMH coceAHHMH KOopAHHaxHbiMH ocaMH npeo6pa30BaHHOH a/ianxKB- 

HOH KOOpAHHaXHOii CHCXCMbl. 

ECJIH CHHXaXb, HXO h VI S HMeiOX AJIHHbl C OAHHaKOBOii (J)H3HHeC- 
KOH paSMepHOCXbK), xo 

«max=[(^-^)/'5] + l, (4.5.8) 

Tjie Hapy5KHbie cko6kh - ijejiaa nacxb saKjnoHCHHoro b hhx HHCJia, a 3a- 
/laHHCM HHCJiCHHoro SHaHCHHa BCJiHHHHe (T , < (T « /z , Ha 3KpaHe pe- 
sepBHpyioxca ABa sanacHbie Mecxa (cBcpxy h CHHsy), Koxopbie no3- 
BOJiaiox Bbi/iep5Kaxb /ijia H3o6pa5KeHHH HCKOxopbie nponycKH cooxbcx- 
cxBeHHO ox BepxHCH H HHJKHCH rpaHHijbi 3KpaHa. 3xH Mecxa nOXCH- 
ijHajibHO Moryx 6bixb 3axpe6oBaHbi xaK npn BOSHHKHOBeHHH hcoOxoah- 
MocxH B yBejiHHCHHH o6inero KOJiHHecxBa pasMemacMbix Ha SKpane ko- 
opAHHaxHbix oceii, KaK h npn H3o6paaceHHHx npomjibix KapxHH Ha6jiK)- 

/ICHHa. 

H3 (J)OpMyjIbI (4.5.8) BH/IHO, HXO MaKCHMajIbHO B03M05KHOe HHCJIO 

pa3MeinaeMbix na aKpane ne BpeMCHHbix KOopAHnaxHbix oceii nponop- 
ijHOHajibHO Bbicoxe h h o6paxHO nponopiiHonajibHO BCJiHHHHe ocpe/i- 
HCHHoro nponycKa. Ha o6biHHbix Majiora6apHXHbix /incnjieax Hpe3Mep- 
Hoe yMCHbineHHC BCJiHHHHbi ocpcAHCHHoro nponycKa S , hccomhchho, 
npHBCACx K yxy/imcHHio KanecxBa H3o6pa5KeHHa hal-rpa(J)a. Tcm hc mc- 
Hce, KanecxBO H3o6pa5KeHHa npn Majibix 3HaHeHHax napanexpa S mo- 
5Kex HC yxy/iniHXbca b cjiynae, Kor/ia o6inaa KapxHHa Ha5jiK)AeHHa no- 
cpcACXBOM npocKxopa (c bmcokoh HexKOCXbK) pa3pemeHHa) b /locxa- 
xoHHO yBejiHHCHHOM BH^ic BOCiipoH3BOAHxca Ha 6ojibmoM 3KpaHe coox- 
BCxcxByioiHHx pa3MepoB. HanpHMcp, ccjih no xexnnHecKHM /lannbiM nc- 
nojib3yeMoro AHcnjiea h= 47 cm (jijm cnpaBKH oxmcxhm, hxo nanpn- 
Mcp, AHcnjien HP L2245W hmccx ninpHny aKpana « 47 cjm n koh- 
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cxpyKTHBHO AonycKaex noBopox na npaMoii yroji, 6jiaroAapa ncMy jijin 
Hero M05KH0 nojiaraxb, hxo h= 47 cm), h mbi npHMCM, hxo a = 5 cm, 
8 = 0.084 CM, xo «niax~ ^^^ cjM B cooxBexcxBHH c (4.5.8). OAHaKO no- 
jiyHeHHbie KapxHHbi Ha6jiK)AeHHa saBCAOMO 6yAyx ne noAxoAaiHHMH 
AJia cjiejKCHHa B CHjiy ManocxH SHaneHHa ocpeAHCHHoro nponycKa. 
Hocjie, CKajKCM, naxHKpaxHoro yBenHHCHHa H3o6pa5KeHHa npoeKxopoM, 
Ha 6ojibmeM aKpane peajibHO bhahmoc SHaneHHe ocpeAHCHHoro npo- 
nycKa MCJiyiy 6jiH5KaHmHMH coceAHHMH KOopAHHaxHbiMH ocaMH 6yAex 
BejiHHHHOH nopa/iKa 0.42 cm, h KanecxBO H3o6pa5KeHHa 501 - BepniHH- 
Horo hal-rpa(J)a cxanex 6ojiee yAOBjiexBopnxejibHbiM. B pesyjibxaxe y 
Ha6jiK)Aaxejia noaBHxca B03M05KHOCXb /ijia Be/ieHHa cjie5KeHHa b ne- 

npepblBHOM pe5KHMe OAHOBpeMCHHO 3a HSMCHeHHaMH HHCJieHHblX noKa- 

saHHH 501 /laxHHKOB npoH3BOJibHoro HasHaHCHHa. Ohcbh/iho, hxo npH 
oxHOCHxejibHO 6ojibmoM hjih, Hao6opox, ManoM hhcjic /laxHHKOB sanpo- 
Cbi, KacaioiHHeca xapaKxepncxHR /iHcnjiea, hjih KpaxHOCXH yBejinneHHa 
npocKxopa Moryx 6bixb HSMeneHbi b xy hjih Hnyio cxopony. 

Boo6me roBopa, xo, hxo b KOHCxpyKijHH aaaHXHBHOH KOop^HHax- 
HOH CHCxcMbi HpH H3o6pa5KeHHax KapxHH Ha6jii0AeHHH Mbi ox/iaeM 
6ojibmee Hpe/inoHxeHHe ne mnpHne, a Bbicoxe axpana, hochx ycjiOBHbiH 
xapaKxep. 3xo, c oahoh cxopoHbi, CBasano c HaniHM cxpeMjieHHCM co- 
xpaHHx anajiorHK) c yOe^HxejibHO ycHeniHbiM cxpoHxejibHbiM ohmxom 

HO HpHMCHCHHIO OXBCCa, OXMCHCHHOrO paHee BO BBe/ieHHH KHHrH. C 

/ipyroH cxopoHbi, hmchho npn xaKOM hoaxoas na SKpane 3kohomhxch 
MHoro Mecxa, AOCxaxoHHoe njin pasMemenHa H3o6pa5KeHHH npomjibix 
KapxHH Ha6jiK)AeHHa, 6jiaroAapa neny cxaHOBHxca B03MoacHbiM ocyme- 
cxBjicHHe cjiesKCHHa 3a /iHHaMHKOH H3MeHeHHa Ha6jiK)AaeMbix 3HaHe- 
HHH /laxHHKOB. OxMCXHM, Hxo B pa3Aejie 4.6 Mbi paccMOxpHM a^anxKB- 
HyK) KOopAHHaxHyK) CHCxcMy, o6jiaAaK)myK) hhoh, KOMnaKXHoii koh- 
cxpyKiiHCH cxpoeHHa, npaB/ia, HCKjiioHaiomeH cjieaccHHe 3a /iHHaMHKOH 

H3MeHeHHH Ha6jIK)AaeMbIX 3HaHeHHH /laXHHKOB. 

26. OijeHHM MaKCHMajibHoe KOJinnecxBO apH(J)MexHHecKHx onepa- 
ijHH, Heo6xoAHMbix B vsoKjxbm xeKyniHH momchx BpcMCHH / /ijia ycxa- 
HOBjiCHHa KOopAHHax Bccx BepniHH hal-rpa(|)a b npeo6pa30BaHHOH 

aHanXHBHOH KOOpAHHaXHOii CHCXCMe. 

OijeHKy npoH3BeAeM no (J)opMyjiaM (4.5.3) h (4.5.4). 
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TaK KaK jiorHHCCKHe onepaijHH i j{t)<Cy{t) h i j{t)>Cy{t) - Bsa- 
HMOAonojiHaioiHHe, to h3 2« CKanapHbix (J)opMyji (4.5.3) h (4.5.4) b 

VSOKJXbm TCKyiHHH MOMCHT BpeMCHH MOryX 6bITb peajIH30BaHbI TOJIbKO 

n (J)opMyji. HanoMHHM, hto npn paBCHCXBe i j{t) = Cy{t) o6e (J)opMyjibi 
AJia npocxpaHCTBeHHbix KOopAHnax /laiOT OAHHaKOBoe nyjieBoe SHane- 
HHC /!"(/) = 0, xaK HTO B 3T0M cjiyHac HHKaKHe apH(J)MeTHHecKHe one- 

paiJHH He Hy5KHbI. n03T0My C BblHHCJIHXejIbHOH TOHKH SpeHHS 0C06bIH 

HHxepec npeACxaBjiaiOT cjiynaH: 

ij{t)<Cy{t), ij{t)^ay{t) H ij{t)>Cy{t), i j {t) ^ b y {t) . 

B I KOOpAHHaXHOH CHCTCMe Ha Ka5K;iOH KOOpAHHaXHOH HJIOCKOCTH 

Xjj X tjj 3a(J)HKCHpyeM no oahoh tohkc c KOopAHnaxaMH BH/ia 

npHMCM, HTO npOCXpaHCTBeHHbie KOOpAHHaXbl 3THX TOHCK Moryx 

pasjiHHaxbca npoHSBOJibHbiM o6pa30M, xor/ia KaK BpeMCHHbie Koop- 
/IHHaxbi y Bcex xohck o^HHaKOBbie. IlpocxoH hoachcx noKasbiBaex, hxo 
B xeKynjHH momchx bpcmchh / /ijia BbiHHCJiCHHa Bcex pasHOCxeii 
/■ (/)-c,,(/) noxpe6yK)xca BbinojiHHXb n onepaijHH BbiHHxaHHa. 

AnajiorKHHO, MaKCHMajibHoe kouhhccxbo apH(|)MexHHecKHx onepa- 
ijHH, xpe6yeMbix /ijia BbiHHCJieHHa HHCJienHbix SHaHenHH jih6o Bbipa5Ke- 

HHH /l/(cy (/)-ay (/)), jih6o 5Ke /i/(i,y(/)-c,y(/)), paBHO 2«. 

CjiCAOBaxejibHO, bo BcaKHii xeKymnH momchx BpeMenn hckomoc 
MaKCHMajibHoe kouhhccxbo apH(|)MexHHecKHx onepaijHH 6yAex paBHO 

An. 

O^HaKO BbipajKCHHa /l/(c,y(/)-ay (/)) h /i/(iy (/)-Cy (/)), nacxo 

M05KH0 onpeACJiHXb no sapanee saaannbiM snaHennaM napanexpoB X , 
ji H HsnaHajibHO nsBCCxnbiM npocxpancxBennbiM KOopannaxaM rpa- 

HHHHblX H OnXHMajIbHblX XOHCK. 06bIHH0 3XH BbipaJKCHHa MOryX 6bIXb 

BbiHHCJienbi 3a6jiaroBpeMeHHO, x.e. ao Hanajia npoijecca cjiejKenna (b 
npoiiecce oOyHcnna). 

Cxajio 6bixb, e cqmom npoiiecce cjieowenuH dun ebmucjienuH npo- 
cmpaHcmeennux Koopdunam eepmun meKyiqeao hal-zpa(pa e KaoKduu 
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MOMernn epemenu o6bmno Moowem nompedoeambcn eunojinumh ne 60- 
jiee In apucpMemunecKux onepatjuti, cocmonufux U3 n euHumanuu u 
coomeemcmeenno n yMnoowenuu. 

B cooTBexcTBHH c (J)opMyjiaMH (4.5.3) H (4.5.4), npn onxHMajibHbix 
SHaHCHHax noKasaHHH Bcex /laTHHKOB apH(J)MeTHHecKHe onepaijHH npo- 
CTO He Hy5KHbi, H HCKOMOc KonHHCCTBO apH(J)MeTHHecKHx onepaijHH 6y- 

AST paBHbIM HyjIK). yMCHbineHHe KOJIHHeCXBa apH(J)MeTHHeCKHX 

onepaijHH npoHCxoAHx h b npcAejibHbix cjiynaax, x.e. xor/ia, Kor/ia hmb- 
ex Mecxo jih6o paBcncxBO /y(/)=a,y(/) (/°"(/) = -l ), jih6o 5Ke paBCH- 

cxBO ij[t)=bjj[t) (b 3X0M cjiynae: /°"(/)=/^) . 

OijeHHM xenepb o6inee kouhhccxbo apH(J)MexHHecKHx onepaijHH, 
Heo6xoAHMbix B Kamjibm xeKymHH momchx BpeMCHH /ijia BbiHHCJieHHH 
KOopAHHax H3o6pa5KeHHH HepxoHCK, ycxaHaBjiHBaioiHHx /lejiCHHa (no 
AJiHHaM eAHHHij H3MepeHHa) Ha ne BpeMennbix KOopAHnaxHbie ocax 
iipeo6pa30BaHHOH a^anxKBHOH KoopAHHaxHoii CHCxcMbi. 

J\ji^ npoBe^eHHa oiichkh cymecxByiox flpa pasjiHHHbix cnoco5a. 

HepBbiH cnoco6, «B03HHKaex» Ha ochobc cneKyjiaijHH xom, hxo 
AJiH opraHHsaijHH npoiie^ypbi cjie5KeHHa ne cymecxByex cepbesHoii 

Heo6xOAHMOCXH B nOCXpOeHHH HH I KOOpAHHaXHOH, HH II a^anXKBHOH 
KOOpAHHaXHOH CHCXCMbl. /],eHCXBHXejIbHO, M05KH0 HenOCpeACXBCHHO 

onnpaxbca na npeo6pa30BaHHyK) aaanxKBHyio KOopAHHaxHyio cncxeMy, 
He 3a6biBaa npn 3xom (J)opMyjibi npeo6pa30BaHHa, Koxopbie «o6a3aHbi» 

CBOHM npOHCX05K/ieHHeM nepBbIM JiByU KOOpAHHaXHbIM CHCXCMaM. IIpH 

3X0M noaBjiaexca «jia3eHKa»: - Pa3 mm M05KeM o6oHXHCb 6e3 nocxpoe- 

HHa 3XHX KOOpAHHaXHblX CHCXCM, XO CM05KeM o60HXHCb H 663 (J)aKXH- 

HecKOH (})HKcaiiHH /jjia HHx o6ineH /iJiHHbi eAHHHijbi H3MepeHHa He Bpe- 

MCHHblX KOOpAHHaXHblX OCCH. CjICAyeX npH3HaXb, HXO HCCMOXpa Ha 

OHCBH/iHyio omH6oHHOCXb xaKoro noAxoAa, b hcm coAep5KHxca onpe/ie- 
jiCHHoe paijHOHajibHoe 3epH0. B caMOM Aene, m^Q (})opMajibHbie Aene- 
HHa OCCH npeo6pa30BaHHOH aAanxHBHoii KOopAHnaxHOH CHCxcMbi na 
paBHbie npoMCJKyxKH, co3AaK)x na hhx niKajibi, ;iejieHHH Koxopbix KaK 
opHCHXHpbi o6jierHaK)x BOcnpnaxHe Mecxopacnojio>KeHHH BepniHH hal- 
rpa(})a. EcxecxBCHHO, npn peajiH3aiiHH nepBoro cnoco6a ne xpe6yexca 
BbinojiHHx apH(J)MexHHecKHx onepaijHH (no (J)opMyjiaM (4.5.3) n (4.5.4)). 



4.5. PeuieHue npo6.neMbi 2.no6a.nbH020 Had.nmdeHUH 209 

/],jia onHcaHHa peKOMCH/iyeMoro Bxoporo cnoco6a, BOcnojibsycMca 
(J)opMyjiaMH npeo6pa30BaHHH ^Jia npocxpaHCTBeHHbix KOopAHnax (4.1.7) 
H (4.1.8). 

0603HaHHM CHMBOJIOM 6 BejIHHHHy 06lHeH /JJIHHbl eAHHHIJ H3Me- 
pCHHa He BpeMCHHblX KOOpAHHaXHblX OCCH 1 KOOpAHHaXHOH CHCXCMbl 

(pasACJi 1.2). 

Ilycx / - xcKyiHHH MOMenx BpeMenn, a g'j h g'2 - npocxpaHCXBCH- 
Hbie KOopAHHaxbi AByx 6jiH5KaHmHx coccakhx (no pacnojioaceHHio) pas- 
/lejiHxejibHbix HepxoHCK, naxoAainHxca na oahoh (|)HKCHpoBaHHOH Koop- 

/IHHaXHOH OCH X,, ' . 

/],jia onpcAejieHHOCXH noji05KHM, hxo 

92>?i>Cy(/), (4.5.9) 

x.e. pasAejiHxejibHbie HepxoHKH c 3xhmh KOopAHnaxaMH HaxoA^Tca no 
npaByio cxopony ox onxHMajibnon BepxHKajin. 

C ynexoM oOosnaHenna oOnjen /ijinnbi eAHHnii nsMepenna, hmccm 

q2-qi=e. (4.5.10) 

ripHMenaa (J)opMyjiy (4.1.8) (c ynexoM (4.5.9)) /ijia onpeAenenna 
AJiHHbi eAHHHiibi H3MepeHHH nojioacHxejibHOH nacxH KOopAnnaxHon ocn 

X,,' nojiyHHM cjieAyioniee BbipajKenne: 



,,_ o,,_ /" (g2-C/y(0) A^(gi-C/y(0) 



4(0 



oxKy/ia, npHHHMaa bo BHHManne (4.5.10), hmccm 

e^t)=/ue/(b,j{t)-c,j{t)), (4.5.11) 

r/ic e,y(?)- AJiHHa CAnnniibi nsMcpcnna nojioacnxcjibnon nacxn Koop- 

/innaxHOH ocn x,, ' na momchx BpcMcnn / . 

JJfiJiQQ, ynnxbiBaa ncpaBcncxBa q2 <qi <Cij{t), r/ic qi-q2 =e, n 

(J)opMyjiy (4.1.7), fl.jisi BCJinnnnbi e~{t) - fljimihi CAHHHiibi nsMcpcnna 

oxpniiaxcjibHOH nacxn KOopAnnaxHon ocn x ,, ' na momchx BpcMcnn / , 
nan/iCM, hxo 
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^ij it) =qV-q2'=^ e/(cy (t) - ay (/)) . (4.5.12) 

06inee KOJiHHecTBO (|)opMyji (4.5.11) h (4.5.12) paBHO 2« , a Kaayioe 

BbipajKCHHe /i/[cjj[t)-ajj[t)j h /u/[bjj[t)-Cjj[t)j, KaK 3to 6bijio oxMeneHO 

Bbime, nacTO MOJKex 6biTb BbiHHCJieHO 3a6jiaroBpeMeHHO, x.e. ao Hanajia 
npoijecca cjie5KeHHa (b npoijecce oOyneHHa). 

TaKHM o6pa30M, b cjiynae saOjiaroBpeMCHHoro BbiHHCJieHHa 3thx 

Bbipa5KeHHH, B Ka5KHbIH MOMCHT BpCMCHH / /JJia OnpeAejICHHa /IJIHH 

CAHHHii HSMcpcHHa HC BpeMCHHbix KoopAHHaxHbix occH npeo6pa30BaH- 
Hoii azianTHBHOH KOopAHHaxHOH CHCTCMbi, Heo6xoAHMO BbinojiHHTb one- 
paijHH yMHoaceHHa b KOJiHHecxBe 2« npn ycjiOBHH, hto e ^^^ 1 . B npo- 
THBHOM cjiynae, x.e. npn co6jiK)AeHHH paBCHCXBa e = l, npoBOAHx Ka- 
KHe-jiH6o BbiHHCJieHHa no (J)opMyjiaM (4.5.11) h (4.5.12) ne xpeGyexca. 
Cjie/iyex oco6o o6paxHXb BHHMaHne na xo, hxo Bbipa5KeHHa 

X/{c,j (/) - a,j (/)) , ^/{b,j (/) - c,j (/)) 

HBjiflioxca 061HHMH, x.e. ncnojibsyioxca xaK npn BbinncjieHHax KOopAH- 
nax BepniHH hal-rpa(J)a, KaK h npn onpeneHHax jijivm cahkhii nsMepe- 
HHH B npeo6pa30BaHHOH aAanxHBHOH KOopAHHaxHoii cncxcMe. 

27. Mbi y5Ke yKasann npvnvmy, corjiacHO Koxopon hmccx cmmcji, 
orpaHHHHxca He6ojibmHMH SHaneHHaMH napanexpa p - njioxHOCxn 
npcAHCxopHH Ha6jiiOAeHHH. /lonycxHM xenepb, hxo nan sapaHce, x.e. 
AO Hanajia npoijecca Ha6jiK)AeHHa HSBCCXHbi xe npcAnojiaraeMbie hhc- 
jieHHbie SHancHHa p h o , Koxopbie oxjiHHaioxca ox hcxoakhx hhc- 
jieHHbix 3HaHeHHH 3XHX napaMBxpoB H noxeHijHajibHO Moryx 6bixb 3a- 
AaHbi Ha6jiK)AaxejieM y5Ke no xo/iy npoijecca cjiejKenna. CoBOKynno- 
cxbK) HCxoAHbix H npeAnojiaracMbix snaHennn napanexpoB p n o na 

/IHcnjiee xohho onpe/iejiaexca MaKCHMajibno bosmojkhoc hhcjio mccx, na 
Koxopbix pasMenjaioxca nun noxeniinajibHO Moryx 6bixb pasMenjenbi 
KapxHHbi HaGjuoAenna, oxBenaionine nponijibiM MOMcnxaM BpcMenn. 
J\ji^ KpaxKOCXH ycjiOBHO nasoBCM Bce 3xh Mecxa juecmaMu naOjimdenuii 
3a npouiJibiM B npeo6pa30BaHHOH aAanxHBHon KOopAHHaxnon cncxcMe. 

EcjiH Mecxa HaOjuoAenna 3a nponijibiM anpnopn nsBecxnbi, xo cy- 
njecxByex cnoco6, nosBOJiaioninn oGonxncb b nporpaMMe 6e3 BBeAenna 
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MHoroHHCJieHHbix KpynHbix MaccHBOB /laHHbix. Mo5KHO nocxynHTb, Ha- 
npHMcp, cjiCAyioiHHM o6pa30M. H3o6pa5KeHHa KapxHH Ha6jiK)AeHHa, 
noaBjiaioiHHeca na xeKymeH Hecymeii njiocKOCXH, Konnpyioxca h chh- 

XpOHHO, B HCBH/IHMOM peJKHMC BOCnpOH3BOAaXCa 663 H3MeHeHHH Ha 

Bcex HCcyiHHx njiocKOCxax, pacnojioJKCHHbix b Mecxax Ha6jiK)AeHHa 3a 
npomjibiM. Cbohcxbo bh/ihmocxh, ecxecxBeHHO, npn/iaexca xojibKO xeM 
npomjibiM KapxHHaM Ha6jiK)AeHHa, Koxopbie no /leHCXBHxejibHbiM 3Ha- 
HCHHaM BpcMCHH xpoHOMCxpa Ha6jiK)AeHHH H 3HaHeHHaM napaMCxpoB 

p H G) /I0JI5KHbI 6bIXb BH/IHMblMH Ha AHCHJieC. B03M05KHbI H /ipyrHC Ba- 

pnanxbi. 

28. Ha pHcyHKax 15-16, BbinojiHenHbix Ha 6ejiOM (J)OHe, npn xcm- 
HOM ijBexe, Hcnojib3yeMOM j^jin H3o6pa5KeHHa xeKynjHx KapxHH na- 
6jiiOAeHHa, M05KH0 Bbi6paxb Menee xcMHbiH ijBex /ijia H3o6pa5KeHHa 
npomjibix KapxHH Ha6jiK)AeHHa (o6paxHO npn xcmhom ijBexe (|)OHa, mm 
Bbi6pajiH 6bi jijin xcKyiHHx KapxHH Ha6jiK)AeHHa CBCxjibiH ijBex, a njisi 
npomjibix KapxHH Ha6jiK)AeHHa KaK0H-HH6yAb Menee CBexjibin ijBex). 
3xHM no^nepKHBaexca HCKjiiOHHxejibHaa Ba5KH0CXb oGecneneHHa xopo- 
meii BH/iHMOCXH /iJiH xeKyiHHx KapxHH Ha6jiiOAeHHa, oxpa5KaK)iHHx na- 
cxoaiHHe cocxoaHHa Ha6jiK)AaeMbix oOieRxoB, h Bcer/ia pa3MeinaeMbix 
BHe 3aBHCHM0cxH OX xeKyiHHx 3HaHeHHH BpeMeHH xpoHOMexpa Ha6jIK)- 
AeHHa Ha nepe^HeM njiaHe. 

KaK o6biHHO, npH Bbi6ope xoro hjih hhofo ijBexoBoro pemeHHa pe- 
KOMeH/iyexca H36eraxb KaK Hpe3MepH0H necxpoxbi KapxHH Ha6jiK)AeHHH 
- 3axeHaK)ineH BH/iHMOcxb ocHOBHbix reoMexpHHecKHx 3jieMeHX0B cjie- 
5KeHHa, xaK h GneKjioii oahoxohhocxh KapxHH Ha5jiK)AeHHa - Bbi3bi- 
Baiomeii 6bicxpoe yxoMjieHne 3peHHa Ha6jiK)AaxejiH npn /iJiHxejibHOM 
BpeMeHH cjie5KeHHa. 

29. JXjin npoijecca cjie5KeHHa npeACxaBjiaexca neMajiOBajKHbiM no- 
pa/ioK o6o3HaHeHHH KoopAHHaxHbix oceii, Ha6jiK)AaeMbix o6'beKxoB h 
cooxBexcxByioniHx hm /laxHHKOB. IlpHHaxbiH HaMH Hopa/iOK o6o3HaHe- 
HHH npeACxaBjiaexca y/io6HbiM j^jm onncaHHa h o6ocHOBaHHH 3aK0HH0- 
cxH npeAJiaraeMOH BepcHH pemenHa j^jin npo6jieMbi rjio6ajibHoro na- 
6jii0AeHHa. O^HaKO b peajibHOCXH, BBH/iy MHoroHHCJieHHOCXH h pa3H0- 
o6pa3Ha Ha6jiK)AaeMbix oGieKxoB h /laxHHKOB, caMO ycxanoBjieHHe (no 
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rOTOBOMy CnHCKy) CBaSH Me5K/iy HHMH H COOTBeXCXByiOIHHMH hm Koop- 

/IHHaxHbiMH ocaMH npeo6pa30BaHHOH aAanxHBHOH KOopAHHaxHoii chc- 
xcMbi, M05Kex noxpe6oBaxb ox Ha6jiK)Aaxejia saxpax HCKOxoporo BpcMC- 
HH. Ha pHC. 14-16 Mbi B /leMOHCxpaijHOHHbix ijejiax HcnojibsOBajiH ho- 

BblH nOpa/IOK 0603HaHeHHH KOOpAHHaXHblX OCCH, cnoco6cxByK)iHHx 

yMeHbmeHHK) xaKHx noxepb BpeMCHH. Hhjkc npHBO^Hxca onncaHHe ne- 

KOXOpblX H3 3XHX 0603HaHeHHH. C yHCXOM (J)OpMyjI (4.1.10), Mbl HX 

onnmeM, b nacxHOCXH, j^jm Ha6jiK)AaeM0H CKanapHOH BejiHHHHbi: - 
/,(t), no onpeAejieHHK) paBHon b momchx bpcmchh t, teT), t eT , 

HHCJICHHOMy SHaHCHHIO HOKaSaHHa J - TO /laXHHKa OXHeCCHHOrO K 061)- 

CKxy /■ , i =l,N , j = \, kj . 

KoOpAHHaXHyK) OCb X,, ' nepeo503HaHHM /IBOHHblMH CHMBOJiaMH 

ij , x.e. o6oHAeMca 6e3 ynoxpe6jieHHa HH/ieKCOB. J\jisi BejiHHHHbi 
/!"(t) nojiaracM, hxo SHaneHne MOMCHxa bpcmchh t 6yACx yKasano 
BHyxpH MCXKH, Bbi/jcjiCHHOH jiJin cooxBCxcxByioiHCH (no npco6pa30Ba- 

HHaM BpCMCHH (4.4.1)) t' - HCCyiHCH njIOCKOCXH. 

JijlSl npHMCHCHHa HOBblX 0603HaHCHHH KOOpAHHaXHblX OCCH MOaCHO 

yH0xpc6jiaxb, nanpHMcp, oahh h3 cjiCAyiomnx xpcx BapnanxoB: 

Ho ncpBOMy Bapnanxy, Ha xcKymnx Hccymnx njiocKOCxax npn 
ynoxpc6jiCHHH o6o3HaHCHHH ij , npc^nojiaracxca nyxcM Hcnojib30Ba- 

HHa KaKoro-HH6yAb o6'bCAHHaK)incro CHMBOJia, nanpHMcp, pa3AejiH- 

XCJIbHblX HCpXOHCK HJIH OAHOCXOpOHHHX CKO6OK, Bbl/JCJIHXb (o603Ha- 

HHXb) rpynny /laxHHKOB, oxHOcaiHHxca k ox/icjibHbiM oOiCKxaM. IlpH 

3X0M HMCCX CMblCJI MC5K;iy JXByMSl HCpXOHKaMH HJIH pa/JOM C Ka5KH0H 

cko6koh, yKa3axb ycjiOBHOC Ha3BaHHC Ha6jiK)AacMoro o6'bCKxa coox- 

BCXCXByiOHJCrO 3X0H rpyHHC ^aXHHKOB. 

Ho BxopoMy Bapnanxy, o6o3HaHCHHa i,j hjih xo 5kc caMOC ij , mm 
npcHMymccxBCHHO 6yACM npHMcnaxb ho oxhohichhk) k KOop^HHaxHbiM 

OCaM, COOXBCXCXByiOHIHM HCpBbIM /jaXHHKaM, OXHCCCHHbIM Ka5K;iOMy 
06'bCKXy / , HOCJICAyiOHIHC 5KC /jaXHHKH, OXHCCCHHbIC 3X0My 5KC oOlCK- 

xy, 6yACM o6o3HaHaxb 6c3 KOHKpcxHoro yKa3aHHa npHHaAJicacHOCXH 
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3THX /laXHHKOB oGlCKTy / , T.C. HC HCnOJIbSOBaXb /IJia HHX AByX CHM- 

BOJibHbiH nopa/iOK 0603HaHeHHH. 

3x0 onpaB/iaHO tcm, hto jxBomoAQ chmbojim, HcnojibsOBanHbie njin 
o6o3HaHeHHa KOopAHHaxHbix oceii, cooxBexcxByioiHHx nepBbiM /laxHH- 
KaM Ha6jiK)AaeMbix oGicrxob, no-BH/iHMOMy, caMH jierKO Moryx Bbinoji- 
HHXb pasACJiHxejibHbie (|)yHKiiHH Me5K/iy rpynnaMH /laxHHKOB, oxHOca- 
iUHxcH K pasjiHHHbiM Ha6jiK)AaeMbiM oGieKxaM. 

TpexHH BapnaHx npHMCHCHHa HOBbix o6o3HaHeHHH oxBaxbiBaex ne- 

KOXOpbie B03M05KHbie K0M6HHaiIHH H3 HCpBblX AByX BapHaHXOB. 

Bo Bcex 3XHX BapnaHxax mm 6yAeM CHHxaxb ne o6a3axejibHbiM hc- 
nojib30BaHHe hhcjichhoh MapKHpoBKH, x.e. HyMepaijHK) c noMombio Ha- 
xypajibHbix HHceji. 3xo 03HaHaex, hxo 3HaHeHHa KajK/ioii h3 6yKB / h j 
xenepb Moryx 6bixb npoAySjinpoBanbi, x.e. ohh bxophhho Moryx npHHH- 
Maxb 3HaHeHHa, cocxoamne h3 npoH3BOJibHOH kohchhoh coBOKynHOCXH 

JII06bIX 6yKB H IIH(J)p. 

HanpHMcp, ecjiH Ha6jiK)AaeMbiH oGickx / - nacca5KHpcKHH caMO- 
jiex, BbinojiHaioiHHH peiic c ycjiOBHbiM HOMcpoM BHA3\ , xo mm mojkcm 
nojiaraxb, hxo / npHHHMaex 3HaHeHHe paBHoe BHA3\ . Ha xox cjiynaH, 
Kor^a Bce /laxHHKH, oxHeceHHbie 3X0My o6'beKxy, npoHyMepoBanbi no- 
npejKHCMy, x.e. j npHHHMaex HHCJienHbie 3HaHeHHa: j = \,kj , xo Me5K- 

/ly Hpe5KHHMH H COOXBeXCXByiOHIHMH HOBMMH 0603HaHeHHaMH, HO BXO- 

poMy Bapnanxy, 6yAyx HMexb Mecxo cjie/iyiOHiHe cooxBexcxBHa: 

i\ O BH43\, 1 , /^ o 2 , /3 o 3 ,..., ikj ^ k^jj^^^ . 

noAo6Hbie o6o3HaHeHHa, HapymaiOHine npejKHHH o6ihhh ynopa- 
/lOHeHHMH nopa/iOK o6o3HaHeHHH, ycxaHOBjieHHMH 3a cnex npHMeneHHa 
HaxypajibHMx HHcen, no-BH/iHMOMy, jiynme cooxBexcxByiox ijejiaM cjie- 
5KeHHa. B nacxHOCXH, nocjie coBepmeHHa noca/iKH caMOJiexoM peiica 
BH 431, Heo6xoAHMOCXb b cjie5KeHHH 3xoro o6'beKxa HCHe3Hex, h h3 
KapxHHM Ha6jiK)AeHHa Moryx 6bixb H3'baxbi Bce Bbi/iejienHbie jijm peiica 
BH 431 KOopAHHaxHbie och, 6e3 BneceHHa - h 3x0 Ba5KH0 - KaKHx-jiH6o 
H3MeHeHHH B o6o3HaHeHHa ocxajibHMx KoopAHHaxHMx oceii npeo6pa- 
30BaHH0H aAanxHBHOH KOopAHHaxHOH CHCxeMM. Hnane roBopa, ne 6y- 

JIQT Heo6xOAHMOCXH B OCymeCXBJieHHH KaKHX-JIH60 nOBXOpHMX HyMe- 

paijHH. 
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B ijejiax noBbimcHHa HH(J)opMaTHBHOCTH oOmeii KapxHHbi Ha6jiK)- 
/ICHHa, npeACxaBjiaexca nojiesHbiM Ha Ka5K;iOH TeKymeii Hecymeii njio- 
CKOCTH yKasaxb pa/iOM c KSOKjxbim npHMCHeHHbiM hoemm o6o3HaHeHHeM 

KOOpAHHaXHOH OCH X,, ' , COOTBeXCTByiOIHyK) (J)H3HHeCKyiO paSMCpHOCTb 

eAHHHijbi H3MepeHHa 3toh OCH. Bo H36e5KaHHe ycjioacHCHHa oOhjch 
KapxHHbi Ha6jH0AeHHa hsjihhihhmh /lexajuiMH, na ocxajibHbix H3o6pa- 
5KaeMbix HCcyiHHx njiocKOCxax /lenaxb 3xoro ne pcKOMCH/iyexca. 

30. HecMOxpa na xo, hxo mm peniHjiH ne H3o6paacaxb na KapxHHax 
Ha6jiK)AeHHa KOopAHHaxHbix oceii BpeMCHH /,, ' , nan Bce-xaKH nona- 

ji/dQwrcn BBCCXH eme ojxom napanexp x ~ yzo.n uMumaifuu npiiMozo 
yzjia, xapaKxepH3yK)iHHH (J)aKXHHecKH BH/iHMbiH yroji pacnojioJKCHHH 
3XHX oceii oxHOCHxcjibHO HC BpeMCHHbix oceii npeo6pa30BaHHoii a/ian- 

XHBHOii KOOpAHHaXHOii CHCXCMbl. 

06biHH0 xaKoii napanexp Hcnojib3yexca, Kor/ia B03HHKaex Heo6xo- 
AHMOCXb jijin H3o6pa5KeHHa npaMbix jiHHHii, opxoronajibHbix k /iByMcp- 
Hoii njiocKOCXH 3KpaHa. CoGcxbchho, Bbime na H3o6pa5KeHHax oceii 
BpeMCHH Mbi HO yMOJiHaHHK) CFO yjKC HpHMCHajiH. Hc H3o6pa5KaeMbie 

OCH BpCMCHH, HO OHpCACJICHHIO, OpXOFOHajIbHbl B COOXBCXCXByiOHIHX 

xoHKax C° "(t') = |0, t'I ko bccm Hpeo6pa30BaHHbiM r'- HCcyHjHM 

HJIOCKOCXaM. 

H3MeHeHHe Ha6jH0AaxejieM 3HaHeHHa yrjia HMHxaijHH b HpcACJiax 
oxKpbixoro yrjia 0° < j < 180° , mojkcx H03B0JiHXb pa3MeHiaxb na 3Kpa- 

HC HOA COOXBCXCXByiOHIHM yrjIOM 0630pa Hy5KHyK) COBOKyHHOCXb H305- 

pajKacMbix HpoHijibix KapxHH Ha6jiK)AeHHa. 

ripHBCACM CHHCOK HCKOXOpblX HCXO^HblX /jaHHblX, KOXOpblX, HO-BH- 
/IHMOMy, CJICAOBajIO 6bl HCH0JIb30BaXb B HpOrpaMMC A-Xa HpCAJIOJKCH- 

Hoii BcpcHH pemcHHa Hpo6jieMbi rjio6ajibHoro HaOmoACHHa (h b nacx- 
HOCXH, jijin HOCxpocHHa /jHajioroBoro HHxep(J)eiica). 

ChHCOK HCKOXOpblX HCXO^HblX HHCJIOBblX HapaMCXpOB! 

A^- o6Hiee kojihhccxbo Ha6jiiOAaeMbix oOicrxob; 
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n - o6inee kouhhcctbo AaxHHKOB, oxHecenHbix k Ha6jiK)AaeMbiM 
o6'beKTaM c ynexoM orpaHjpieHHa n<n^^y^, "max ~ onpeAejiaexca h3 
(J)opMyjibi (4.5.8); 

kj - o6inee KOJiHHecxBO AaxHHKOB, oxHecenHbix Ha6jiiOAaeMOMy 

oGieKxy ; , tj^q no ycjiOBnaM: / = 1,jV h k-^+k2 +... + k^ =n ; 

S - HCHyjieBaa BenHHHHa ocpeAHeHHoro nponycKa MCJiyiy H3o6pa- 
5KaeMbiMH Ha aKpane 6jiH5KaHmHMH coceAHHMH ne BpeMCHHbiMH Koop- 
/IHHaxHbiMH ocaMH npeo6pa30BaHHOH aaanxKBHOH KOopAHHaxHoii chc- 
xcMbi; 

a - SHaneHHeM 3xoh BejiHHHHbi na odheKine npozpaMMu (nasoBCM 
ero Picture 1), HOcameM H3o6pa5KeHHa xeKymnx KapxHH Ha6jiK)AeHHa, 
pesepBHpyioxca jxr2l sanacHbix Mecxa (cBcpxy h CHHsy), Koxopbie no3- 
BOJifliox Bbi^epacaxb j^jm H3o6pa5KeHHH nponycKH cooxBexcxBCHHO ox 
BepxHen h HHJKHen rpaHHijbi aKpana, s^ecb 0<ct « h h h - Bbicoxa 
npaMoyrojibHHKa aKpana; 

Iq- HaHajibHbiH MOMCHx BpcMCHH, onpcAejiHexca noKaaaHHeM xpo- 
HOMexpa Ha6jiK)AeHHa na momchx Hanajia cjiesKenHa; 

/j - KOHCHKblH MOMCHX BpeMCHH Ha6jII0AeHHH, SACCb t^ > ^q ' 

/ - xeKyiHHH MOMCHX BpcMeHH, onpe/iejiaexca xeKynjHM noKasa- 
HHeM xpoHOMCxpa Ha6jiK)AeHHa; 

T - nepcMCHHaa bpcmchh, s^ecb t e 7) ; 

t' - npeo6pa30BaHHaa nepeMeHnaa BpeMCHH, onpeAenaexca (})opMy- 
jiOH (4.4.1); 

s- mar KBanxoBanna (/iHCKpexHsaijHH), c Kamjibiu /lonycxHMbiM 
(x.e. 0<s<ti -Iq) SHaneHHeM Koxoporo onpejiejiaiOTC^ ys.noebie mon- 
Ku npoMeacyxKa BpeMenn 7' = [/o5 '^ij' HMeioiHne paBHOMepnoe pacno- 
jioaceHHe. YsjiOBbie xohkh, BbinncjiaeMbie no (J)opMyjie t^ +m ■ s , 
m =0,\,...,M , onpeaejiaiox /incKpexnbie snaHenna apryMcnxoB, aBjia- 
loniHxca o6niHMH /iJia Bcex jiCBbix n npaBbix rpannnnbix (JjyHKiinn, on- 
xHMajibHbix (J)yHKiiHH, a xaioKC AJia (JjyHKijHH, sa^aBacMbix Hncjiennbi- 
MH noKasannaMH KonxpojinpyeMbix /laxHHKOB. 3jiech 
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X - napanexp npeo6pa30BaHHH, no BejiHHHHe paBHtra paccxoHHHio 
MCJKZiy BepxHKajiaMH GA°\x) h 0/)°(t) VreT; b npoijecce cjiejKCHHa 

Hcnojibsyexca b KanecxBC jiCBoro (ox onxHiviajibHoii BepxHKajiH) Macm- 
xa6Horo napanexpa; 

/i - napaMexp npeo6pa30BaHHH, no Bejinnnne paBHbin paccxoannio 

Meayiy BepxHKajiaMH GB°\t:) h 0/)°(t) VreT; ncnojibsyexca b Kane- 

cxBe npaBoro (ox onxHMajibnon BepxHKajin) MacmxaGnoro napanexpa 
(yBejinHenna snaHennn Macmxa6Hbix napanexpoB conpoBOJiyiaioxca co- 
oxBCxcxByioniHMH yBejinHennaMH /ijinn neBepxHKajibHbix pe6ep hal- 
rpa(J)a, hxo, no-Bn/iHMOMy, M05Kex cnoco6cxBOBaxb yjiyHmennio pacno- 
snaBanna oxKnonennn ero Bcpninn ox cooxBexcxByioninx Bepninn on- 
xHMajibHOH BepxHKajiH HjiH rpaHHHHbix BepxHKajien. ^acxo hmccx 
CMbicji nojiaraxb, hxo X = ji , o/inaKO, ecjin b npoijecce cjiejKenna cxa- 
nex H3BecxH0, hxo nanGojiee Baacnbie, o6pa3HO roBopa, «co6bixHa» pas- 
BopaHHBaioxca, nanpnMep, na npaBon ox onxHMajibnon njiocKOCxn Bpe- 
MCHH nojiynjiocKOCXH, xo b cooxbcxcxbhh CO CKaaannbiM, peKOMen- 
/lyexca nojiaraxb, hxo /I < /i , nun jiscms,: X« jj.; 

E, - paccxoanne ox Bepxnen cxoponbi npaMoyrojibnnKa axpana ao 
nepBOH CBcpxy ne BpeMennon KOopAnnaxHon ocn, s^ecb < (^ < cr . 
IlapaMexp E, nyjKcn /ijia onpeAejienna MecxopacnojioJKenna naHajibnon 

xoHKH Oi°i' = | 0, /qL, Ha o6'beKxe nporpaMMbi Picture 1, n ncnojibsyexca 

B KanecxBC BepxHKajibnoro napanexpa onepaxopa niKajibi; 

T] - paccxoanne ox jicboh cxoponbi npaMoyrojibnnKa 3Kpana ao ne- 
pecenenna onxnMajibnon njiocKOCxn BpcMcnn c ncxo^Hon necynjen 
njiocKOCXbK), 3Aecb /L < 77 « w , w - ninpnna npaMoyrojibnnKa 3Kpana. 
IlapaMexp 77 nyjKcn /ijia onpcAenenna MCCxonojioJKcnna nanajibnon 

xoHKn Oi°i' = | 0, /qL, Ha 06'beKxe nporpaMMbi Picture 1, n ncnojibsyexca 

B KanecxBC ropnsonxajibnoro napaMCxpa onepaxopa niKajibi; 

X - yroji HMHxaiiHH npaMoro yrjia, ero nasnanenne onncano b na- 
najie ^annoro npHMcnanna; 
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p - napaMCxp njioxHOCXH npeAticxopHH Ha6jiK)AeHHa, onpe/iejiaex 
o6inee KOJiHHecxBO H3o6pa5KaeMbix npomjibix KapxHH HaGmoAeHHa; 

(o - nepHOA npe^bicxopHH Ha6jiiOAeHHa, Hcnojibsyexca njin onpe- 
/lejiCHHa xoHHbix Mecx pacnojioJKCHHa npomjibix KapxHH Ha6jiK)AeHHa b 
KOJiHHecxBe p ; 

A - onpcAejiaex BejiHHHHv c^BHra nanpaBO npomjibix KapxHH na- 
6jiiOAeHHa /ijia HCKjnoHCHHa cjiynaeB hx nepeceneHHa. 

Hcxodnue (pyHKtfuu - (J)HKCHpyiox /lonycxHMbie npeASJibi h onxH- 
MajibHbie SHaneHHa noKasaHHH /laxHHKOB Ha /iHCKpexHbix (ysjiOBbix) 
xoHKax oxpesKa BpeMCHH. Onpe/ieJiaioxca b npoijecce npe/iBapHxejibHO- 
ro HjiH xcKymero o6yHeHHa. 

CnHCOK HCXOAHblX (})yHKIIHH: 

ajj[t){bjj[t)) - jiCBaa (npaBaa) rpaHHHHaa (JjyHKijHa, onpeASJiaex b 

ysjiOBbix xoHKax hhjkhhc (BepxHne) rpaHHHHbie SHaneHHa HHCJiCHHbix 
noKasaHHH J - ro ^axHHKa oxneceHHoro o6i>eKxy / ; 

c,, (/) - onxHMajibHaa (J)yHKiiHa, onpe/iejiaex b ysjiOBbix xoHKax on- 

xHMajibHbie SHaneHHa HHCJienHbix noKasanHH J - ro ^axHHKa oxHecen- 

Horo K o6i>eKxy / . 

4.6. nPEACTABJIEHHE KAPTHHLI 

HABJIIOAEHHJI B BHAE I^HOEPEJIATA 

ripHHaxbiH B KHHre BHA hal-rpa4)a bo mhofom npeAonpe- 

ACJiaeXCa KOHCXpyKLlHeH aAanXHBHOH KOOpAHHaXHOH CHCXe- 

Mbi, npHHCM rjiaBHbiM o6pa30M, ycjiOBHeM napanjiejibHOCXH 
KOopAHHaxHbix njiocKOCxeii. B npHMenanHH 6 Gbijio oxMeneHO, 
Hxo HHorAa M05KH0 o6xoAHXbca 6e3 ycjiOBHa napajiJienbHOCXH 

KOOpAHHaXHblX OCeH aAanXHBHOH KOOpAHHaXHOH CHCXeMbl. 

TaM ace saxoHHOCXb peajiHsaiiHH xaxoH bo3mo5khocxh moxhbh- 
poBajiacb xeM, hxo nepexoA b hobmc npocxpaHCXBeHHbie no- 
jioaceHHa ajih sxhx ocefi mojkho ocymecxBjiaxb nocpcACXBOM 
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KOHeHHoro HHCJia HenpepwBHbix oGpaxHMbix npeoGpasoBaHHH 
nepenoca h BpameHHa, ne HapymaioinHx roMeoMop4)H3M xHna 
(1.3.2). 

TaKHM oGpasoM, a-h^ nac cymecxBeHHbiM OKasbiBaexca ne 
xpeGoBaHHe coGniOAeHHa napanjiejibHocxH ocefi aAanxHBHOH 
KoopAHHaxHOH CHCxeMbi, a HajiHHHC roMeoMop4)Horo oxo6pa- 
aceHHa (1.3.2). EcxecxBeHHO, npn oxxase ox ycjiOBHa napan- 

JiejIbHOCXH KOOpAHHaXHblX OCeH aAanXHBHOH KOOpAHHaXHOfl 

CHCxcMbi, He npHBOA^meM K HapymeHHK) roMeoMop4)H3Ma xh- 
na (1.3.2), MoacHO nojiynaxb hal-rpa4)bi c coBcpmeHHO hobm- 

MH CXpOeHH^MH. 

Hnace, mw nocxpoHM xaxoH anajior onHcaHHOH Bbime chc- 
xeMbi Ha6jiK)AeHHa, b KoxopoH BooGme hc cymecxByrox na- 
pajijiejibHbix KoopAHHaxHbix njiocKocxeH. B peayjibxaxe, mm 
nojiyHHM anajiorH hal-rpa4)a, onxHManbHOH BepxHKanH h rpa- 
HHHHbix BepxHKajiCH, o6jiaAaK)inHe npHHiinnHajibHO hhmmh h, 

nO-BHAHMOMy, He OHCHb CJIOaCHblMH AJI^ SpHXejIbHOrO BOC- 

npnaxHa cxpoeHHaMH. 

npHMCM, Hxo Cjj(^o)>0- B cjiynae, KorAa 3xo npeAnojio- 
accHHe Moacex npHBecxH k orpaHHHeHHK) oGiuhocxh, mw, b 
cooxBCxcxBHH c npHMCHaHHeM 8, BMecxo Cjj(^q) BOSbMCM npo- 

HSBOJIbHO 4)HKCHpOBaHHOe SHaHeHHC a > . 

Mbi GyACM HCxoAHXb h3 xoro nojioaccHHa, hxo b H3o6pa- 
aceHHax npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxe- 
Mbi, c Ha6jiK)AaxejibH0H xohkh speHHa, a-h^ nac oGbiHHO HHxe- 
pec npeACxaBjiaKDx HCMHoro yAJiHHeHHbie (b o6e cxopoHw) xe 
oxpesKH He BpeMeHHbix KoopAHnaxHbix ocefi, Koxopwe sa- 
KjiiOHeHbi MeacAy rpaHHHHbiMH BepxHKanaMH (cm. pHC. 13). 3xH 
oxpesKH GyACM nasbiBaxb onopnuMU ompesKaMU . 
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e eude ijU(pep6.nama 

TaKHM oGpasoM, onopHwe oxpesKH no a-uhhc necKOJibKO 
npeBbimaKDT BenHHHHy A + ^u . 

B KapxHHe Ha6jiK)AeHHa, cooTBexcxByioineH xeKymeMy mo- 
MCHxy BpcMCHH, npoHSBeACM HenpepwBHbie ABHacenHa - ne- 
penocbi H BpameHHa, xaKHM oGpasoM, hxo bcc onopHbie ox- 
pe3KH He nepecexaacb h Ges AecjjopMaiiHH, sanajiH paAHanb- 
Hbie HanpaBjieHHa, cxoA^iUHeca k OAHOMy h xoMy ace iienxpy, 
H pacnojioacHjiHCb CHMMexpHHHO oxHOCHxejibHO 3xoro Lienxpa. 
IIpH 3X0M GjiHace k ijeHxpy, h na OAHHaKOBOM yAaneHHH ox 
Hero AOJiacHbi pacnojiaraxbca xe KOHiibi onopnbix oxpesKOB, 
Koxopwe B npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH ch- 
cxeMe pacnojiojKeHbi jieBee ox onxHManbHOH BepxHKanH. 

HpeAnojiaraexca, hxo xaacAbie ABe GnHacaHuiHe onopnbie 
oxpesKH nocjie 3xhx jx&wiKQYwk oGpasyrox MeacAy co6oh oahh 

H xox ace yroji, paBHbiH no Bejinnnne 360° jn rpaAycaM, r^e n 
Bbipaacaex oGinee KOJinnecxBO KonxpojinpyeMbix AaxHHKOB. 

Ha pnc. 17 nsoGpaacena coBOxynnocxb onopnwx oxpesKOB, 
sanaBuinx paAHanbHbie pacnojioacenna. 

Ilocjie onncannoH xojibKO, hxo npoiieAypw naAJieacamero 
CBepxbiBanna b «paAHycbi OKpyacnocxn)) onopnbix oxpesKOB, 
onxHMajibnaa BepxHKajib n rpannnnbie BepxHKajin npniviyx bha 
npaBHjibnbix n - Bepmnnnbix MnoroyrojibnnKOB, a cooxBex- 
cxByKDinHM anajioroM hal-rpacJDa 6yAex n - Bepmnnnbin Mnoro- 
yrojibnHK (cjieAyex HMexb b BHAy, hxo saMKnyxocxb nocjieA- 
nero Moacex 6bixb napymena xojibKO b oahom Mecxe - MeacAy 
BepmnnaMH 1 n «). 

HpeACxaBjiaexca ecxecxBennbiM, xenepb, naswBaxb onxn- 
MajibnyK) BepxHKajib - onmuMajibHUM MHOZoyeojibHUKOM . 
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Puc.l7. H3o6pa5KeHHa paAHajibHO pacnojioJKCHHbix onopHbix ot- 
pesKOB jijin cjiynaa, Kor/ia o6inee KOJiHHecxBO /laTHHKOB: « = 90 . 

Ka5KHbie jxBQ 6jiH5KaHmHe onopHbie oxpesKH o6pa3yiOT Me5K;iy co- 
6oH OAHH H TOT 5Ke yroji, paBHbiH no BejiHHHHe HCTbipcM rpa/iycaM. 
McTKa AJia noKasaHHH xponoMCTpa Ha6jiiOAeHHa, pasMemcHa HCAajie- 
KO OT ijeHTpa, K KOTopoMy cxoA^Tca Bce paAHajibHO pacnojioacenHbie 
onopHbie OTpesKH. 
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Puc.18. H3o6pa5KeHHa paAHajibHO pacnojioJKCHHbix onopHbix ot- 
pesKOB, onxHMajibHoro MHoroyrojibHHKa, BHyxpeHHero h BHeniHcro 
MHoroyrojibHHKOB /ijia cjiynaa, Kor/ia o6inee KOJiHHecxBO /laxHHKOB 
onpe/iejiaexca paBCHCXBOM « = 100 . KsoKjxbiQ jxbq 6jiH5KaHmHe onopHbie 
oxpesKH o6pa3yK)x MCJiyiy co6oh ojxom h xox 5Ke yroji, paBHbiH no bcjih- 

HHHC 3.6° . 
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Anajior jieBOH rpaHHHHOH BepxHKajiH nasoBeM enympeH- 
HUM MHoaoyaojibHUKOM, cooTBCTCTBeHHO npaByK) rpaHHHHyio 
BepxHKajib - eneiuHUM MHoeoyeojibHUKOM (cm. pHC.18). 

HaKOHCLi, hal-rpacj) nasoBCM hal-MHoeoyeojibHUKOM . 

J\jm noBepxHOCxeH, cooxBexcTBHa Meac^y npeacHHMH h 

HOBblMH HaSBaHHaMH MOryX 6bIXb CJieAyK)IHHMH: 

JleBaa rpaHHHHaa nojioca - enympeHHRH epaHUHHan no- 
eepxHOcmt; 

IIpaBaa rpaHHHHaa nojioca - enemHRH epaHUHHan no- 
eepxHOcmb . 

HasBaHHe hal-noBepxHocxH, xenepb osHanaioinee, hxo 3xa 
noBepxHOCXb no xoAy bpcmchh «OHepHHBaexca» hal-MHoro- 
yrojibHHKOM, ocxaexca 6e3 HSMeHenHH. 

KajKAbiH hal-MHoroyrojibHHK HMeex BepuiHHbi, KOopAHna- 

Xbl KOXOpOrO B3aHMHOOAH03HaHHO OnpeACJiaKDXCa HHCJieHHbl- 

MH SHaneHHaMH KOHxpojiHpycMbix AaxHHKOB, npeoGpasoBan- 
HbiMH Ha 3X0X pas He xojibKO (JDopMyjiaMH (4.5.1),(4.5.2), ho h 
AonojiHHxejibHO, cooxBexcxByKDinHMH npeoGpasoBaHHaMH ne- 
pcHOCOB H BpameHHH, npHBOA^iUHx K paAHajibHbiM pacnojio- 
accHHaM onopHbix oxpesKOB. 

OneBnnHO, HTO HCM Gojibuie SHaneHHe n , tcm Gojibuie npHBC- 
^leHHbie Ha pncyHKe MHoroyrojibHHKH Gy^yx no (|)opMe nanoMMHaxb 

OKpy^KHOCXH. 

Ho anajiorHH, b cjiynae, Kor^a Bce HHCJienHbie SHaneHHa 
AaxHHKOB cooxBCxcxByiox onxHMajibHbiM, xo hal-MHoroyrojib- 
HHK 6yAex coBnaAaxb c cooxBexcxByioinHM no bpcmchh onxn- 
MajibHbiM MHoroyrojibHHKOM. KaacAaa Bcpmnna hal-MHoro- 
yrojibHHKa oGna^acx oahoh cxcncnbK) cboGoabi ABnaccnna, 

OAHaKO, 3XH BCpUIHHbl B OXJIHHHC OX BCpUIHH hal-ipaCJDa, H B 

cooxBCxcxBHH c nocxynaioinHM snaHcnnaM noKasannn a^xhh- 
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KOB, 6yAyT coBepmaxb ABHaccHHa yace b ne napanjiejibHbix, a b 
paAHajibHbix HanpaBjieHHax. 

Ha pHC. 19 H 20-21 HSoGpaacenbi pasjiHHHbie, OAHaKO, b to 
ace BpeMa 3KBHBajieHTHbie KapxHHbi HaGniOAeHHa, npcACxaB- 

JieHHbie B IJHCJDepGjiaTHOH H oGblHHOH (JDOpMe. 

Ha pHC.19, c LiejibK) coxpaneHHa anajiorHH c nocjiCAyio- 
iHHM pHC.20, He AopHCOBaHO pe6po hal-rpacj^a, Koxopoe coe- 
AHHaeX KOHCHHbie BepuiHHbi c HOMepaMH 1 H 100. 3Aecb H Ha 
cjiCAyioineM pncyHKe npHHaxo, hxo naGjiiOAaeMbiH oGtCKx 

OAHH, a KOJIHHeCXBO AaXHHKOB paBHO 100. 

HpH nojiyneKHH pHC.20 6bijio npeAnojioaceHO, hxo b xene- 
HHe npcAuiecxByioinHx 45 cexyHA, saxpaneHHbix na coxpa- 
HeHHe H nenaxb pHC.19, noxasaHHa AaxHHKOB ocxaioxca 6e3 
HSMCHeHHH (aji^ xofo Hxo6bi M05KH0 Gbijio cpaBHHBaxb pas- 
jiHHHbie KOHcJjHrypaiiHH oahofo h xoro ace hal-rpa4)a b AByx 
3KBHBajieHXHbix npeACxaBjieHHax). 

Ha pHC.19, 20 H 21 HecjioacHO ycMOxpexb, hxo KOHxpojiH- 
pyeMbiH AaxHHKOM 17 ysen oGtexxa naxoAHxca b aBapHHHOM 

COCXOaHHH. 

Ha pHC.21 npHBeACHO HSoGpaaceHHC KonHH KapxHHbi na- 
GjiKDACHHa H3 pHC.20 6e3 3jieMeHxoB HHxep4)eHca nporpaMMbi 
(HSoGpaaccHHe na nojiHbiH SKpan). Hs cpaBHCHHa pHC.19 h 20 
Moacex noKasaxbca, hxo iiHCJDepGjiaxHaa (JDopivia aBjiaexca 6ojiee 
yAaHHOH AJi^ npoBeACHHa HaGjiiOAeHHH, nocKOJibKy njioxHOCXb 
pacnojioaceHHa onopHbix oxpesKOB na hch Menbuie. 

Taxaa Mbicjib Bce ace ne noAXBepacAaexca BOcnpoHSBeACH- 

HOH Ha pHC.21 HCMHOrO yBeUHHCHHOH KOnneH oGblHHOH Kap- 
xHHbi Ha6jIK)AeHHa H3 pHC.20. 

HpeAnoHxeHHe, oxAanHoe HaMH npHHaxoMy ao chx nop 
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Puc.l9. H3o6pa5KeHHe KapxHHbi Ha6jiK)AeHHa b (JjopMe iiH(J)ep6jiaTa na 

MOMBHT BpCMCHH 7=1:11:10 HC 3JieMeHTaMH HHTeptljCHca. 
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Puc.20. 3KBHBajieHTHoe H3o6paaceHHe KapxHHbi Ha6jiK)fleHHH h3 
pHC. 19 B o5biHHOH (J)opMe Ha MOMeHT BpeMeHH T = 1 : 1 1 : 55 . 
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Puc.21. H3o6pa5KeHHe KonHH KapxHHbi Ha6jiK)AeHHa h3 pHC.20. 
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BHAy hal-rpa4)a, KoneHHO, MoacHO Gbijio 6bi oGtacHHTb CTpeM- 
jieHHeM He xepaxb anajiorHH co CTpoHxejibHbiM onbixoM, CBa- 
saHHbiM c npHMCHeHHCM OTBeca (nanoMKHM, hto axa anajiorHa 
npHBeACHa bo BBeACHHH). OAHaKO, necMOxpa na HCKOTopyio 

KOMnaKTHOCTb KapXHHbl Ha6jIK)AeHHa B IJHCjjepGjiaTHOH (JDOpMC, 

Mbi pacnojiaraeM, xaK mhhhmym, AByMa npHHHHaMH, Koxopwe 
H npeAonpeAejiHjiH nam BbiGop b nojibsy ne LtHCJDepGjiaxHOH 

(JDOpMbI npeACXaBJieHHa KapXHH HaGjIKDACHHa. 

IlepBaa npHHHHa saxjiKDHaexca b xom, hxo xojibKO b oGwh- 
HOH, He LiHCJDepGjiaxHOH (JDopMe npcACxaBjieHHa KapxHHbi na- 
6jiK)AeHHa Mbi pacnojiaraeM B03M0)KH0cxbK), xohhcc cboGoa- 

HblM MeCXOM Ha 3KpaHe, AOCXaXOHHbIM AJI^ BOCnpOHSBCAeHHa 

npouijibix KapxHH Ha6jiK)AeHHa b ijejiocxH, hxo nosBOJiaex na- 
6jiK)AaxejiK) npH acenaHHH hcxko onpeACJiHXb AHHaMHKy hsmc- 

HeHHH B nOKaSaHHaX AaXHHKOB. 

Bxopaa ace npHHHHa CBasana c ABHJKCHHeM rjias, a hmch- 
HO, npH LiH4)ep6jiaxHOH (JDopivie KapxHHbi HaGnKDAeHna, spenHe 
HaGjiKDAaxejia aojijkho oxBaxHXb Gojibuiyio nacxb njiocKOCXH 
KapxHHbi HaGjiKDACHHa. Meac^y xeM npn oGbiHHOH 4)opMe Kap- 
xHHbi HaGjiKDACHHa AJi^ HaGjiiOAaxejia AOCxaxoHHO Gy^ex oxBa- 
xHXb spenneM ne oneHb uiHpoKyio nojiocy na xoh ace njiocKO- 
cxH KapxHHbi HaGjiKDACHHa (hjih nojiocbi, B cjiynaax H3o6pa- 
aceHHH npouijibix KapxHH HaGjiKDACHHa). 

BnponeM, b jikdGom cjiynae, b nporpaMMe HMeex cmmcji 
npeAycMOxpexb KOMaHAy, Koxopaa nosBOJiaex ocymecxBHXb 
GbicxpbiH nepexoA ox jik)6oh oahoh 4)opMbi KapxHHbi HaGnio- 
AeHHa K ApyroH ee 3KBHBajieHXH0H 4)opMe. B nacxHOCXH, na 
HHxep4)eHce, HSoGpaaceHHOM na pHC.19 h 20, xaKaa bo3mo>k- 
Hocxb npeAycMOxpena, h peanHsyexca nporpaMMOH npaxxH- 
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necKH MFHOBeHHO, nocjie npocxoro menHKa KHonxH mwuikh b 
cjiynae, ecjiH xypcop naxoAHTca hea BHpxyajibHOH KjiaBHuieii 
KOMaHAbi CO cjieAyioinHMH, noonepeAHO MenaKDinHMHca npn 
HaacaxHax nasBaHHaMH: 

«nepexoA B o6biHHyK) (|)opMy» H «nepexoA b (J)opMy iiH(|)ep6jiaTa» . 

Mbi saBepuiHjiH onncaHHe noAxoAa, no3BOJiaK)inero HaM 
nepeiiTH ox oGbiHHOH (JDopMbi xeKyincH KapxHHbi HaGjiKDACHHa 
K ee 3KBHBajieHXH0H ijHcJjepGjiaxHOH 4)opMe h oGpaxHO. 

KpaxKoe onncaHHe neacHbix ajiCMenxoB HHxep4)eHca h3 

pHCyHKOB 19 H 20 npHBCAeHO B npHMCHaHHH 3 1. 

B npHMenaHMH 32 onHCWBaexca cnocoG nocxpoeHHa ana- 
jiora I KOopAHHaxHOH CHCxeMbi b ijHCJDepGjiaxHOM bhac, h npn- 
BOA^xca paccy>KAeHHa b nojibsy pemeHHa npoGjieMbi rjio- 
6ajibHoro HaGniOAeHHa jxn^ 3xoro cjiynaa. 3Aecb, BBH^y najiH- 
HHH aBHbix anajiorHH, a-h^ onncaHHa mm BbiGpanH npesMepHO 
KOHcneKXHBHbiH cxHjib H3Ji05KeHHa H Gojibuie cxapajiHCb aK- 
ijeHXHpoBaxb BHHMaHHe HHxaxejia na HMCioinHxca pasjiHHHax. 

npHMCHaHHSi: 

31. KpaxKHC CBCAeHHa o xex ajieMCHxax HHxep^eiica h3 
pHC. 19,20, HasHaHCHHa Koxoptix neacHbi, x.e. ne onpeaexaioxcH 

HX HaSBaHHaMH. 

CaM HHxep(J)eHC cocxaBxen b nporpaMMHon cpexe Visual Basic 6. 
Oh nocxpocH na o6'beKxe Form 7, na KOxopoM noMecxHXHCt oOickx 
Picture 7, xpn nanexH {Frame) - oxhh h3 hhx na pncyHKax hcbhxhm, 
H, He coxep5KaiHHeca na naHCxax boccmb KOMaHXHbix khohok. Oxmb- 
XHM, Hxo B cxynaax, Korxa hhcxo ;iaxHHKOB He OHCHb Maxo, pecypcHbie 
B03M05KHOCXH oxHOH (})opMbi Visual Basic 6 OKasbiBaioxca nexocxaxoH- 
HbiMH xxa pa3pa6oxKH noxHOijeHHOH nporpaMMbi cxe5KeHHa. 

^exbipbMa axeMCHxaMH na nepBOH cxpoKC Uauejiu 1 onpexexaexca 
Mecxonoxo5KeHHe Ha oGiCKxe Picture 1 naHaxbHOH xohkh, xByMepnoro 
anaxora xonoxHHxexbHOH xeKapxoBOH KOopxHHaxHOH CHCxeMbi (6e3 
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OCH BpeMCHH), onHcaHHoii B pas^ejie 2.2 (nocpeACXBOM o6biHHoro b 
paccMaxpHBaeMOH nporpaMMHoii cpe/ie onepaxopa: 

Picture I. Scale(-hm, vp) - Qip-vm) ). 
^exbipbMa 3jieMeHxaMH na BxopoH cxpoKe llanejiu 1 sa/iaioxca Aan- 

Hbie KOOpAHHaXHblX OCCH 3X0H KOOpAHHaXHOH CHCXCMbl. IlpH 3X0M BC- 

jiHHHHaMH xm H xp sa/iaioxca a6ciiHCCbi rpaHHHHbix xohck bccx onop- 

HblX OXpeSKOB /IJia 06bIHH0H (J)OpMbI KapXHHbl Ha6jIK)AeHHa. BejIHHHHOH 

ym onpeACJiaexca AJiHHa ne H3o6pa5KaeMOH och y /lonojiHHxejibHOH 

AeKapXOBOH KOOpAHHaXHOH CHCXCMbl, a BCJIHHHHOH yp - op^HHaxbi xo- 

HCK onopHoro oxpcsKa, cooxBCxcxByioiHcro ncpBOMy AaxHHKy. 

B xcKcxoBOM OKHC c HasBaHHCM «0.5 Bbicoxa HcpxoHCK CA- hc = » 

OnpCASJiaCXCa BCJIHHHHa nOJIOBHHbl /IJIHHbl paSACJIHXCJIbHblX HCpXOHCK, 

HcnojibsycMbix j^jm pasOnBKH onopHbix oxpcsKOB na CAHHHijbi. 

B xcKCxoBbix OKHax, c HasBaHHaMH Sdviqh h Sdviqv , /ijia mcxok c 
HyMcpaijHaMH onopHbix oxpcsKOB sa^aioxca BCJiHHHHbi cabbfob b ropn- 

30HXajIbHbIX HJIH BCpXHKajIbHblX HanpaBJICHHaX COOXBCXCXBCHHO. 

Ha llanejiu 2 okho mcxkh 6c3 nasBaHHa h c iiH(J)poH 50 aBjiacxca 
CHCXHHKOM. IJ,H(J)pa 50 yKasbiBacx na xo, hxo o6ihcc kojihhccxbo mcxok 
o6'bCKxa Picture 1, yme HcnojibsOBanHbix npn aBxoMaxHHCCKoii nyMC- 
paijHH onopHbix 0XpC3K0B, paBHO 50. 

n3 - coKpaiHCHHOC HasBaHHC Uauejiu 3. B cjiynac, Kor/ia o6incc 

KOJIHHCCXBO Ha6jIK)AaCMbIX 06'bCKX0B 60JIbmC CAHHHIJbl, x.c. Nob > 1 , 

xo Ha 3X0H HancjiH sa/iaioxca HHCJiCHHbic SHancHHa /ijia napaMCxpoB kj , 



(■ = 1, Nob , a xaioKC xapaKxcpHCXHKH pasACJiHxcjibHbix HcpxoHCK. 

O HasHancHHax ocxajibHbix 3jicmchxob HHxcp(|)CHca, no-BH/iHMOMy, 
Aora^axbca (no nx nasBannaM) nc cjio5kho. 

32. S/iccb Mbi nanncM cxponxb ananor I KOopAnnaxHon chcxcmm, b 
KOxopoH HC cynjccxByiox napajijicjibnbix KOopAnnaxnbix njiocKOCxcn. 

OcxaBjiaa ncnsMcnHbiMH oGosnaHcnna n onpcACJicnna h3 pas^cjia 
1.1, a xaioKC onpcACJiCHHC 1.2.1 Hccynjcn njiocKOCxn, ananor 1 Koop- 
AnnaxnoH cncxcMbi (^Jia iin(})cp6jiaxnoro cjiynaa) onpcACJinM b Rj na 
n njiocKOCxax, ncpncnAnKyjiapnbix k nccynjcn njiocKOCxn n ncpccc- 



230 r.naea IV. FeoMempuHecKoe peiuenue npo6jieMbi cjie:M'eHUH 

KaiOIHHXCa no HCKOTOpOH HOBOH npaMOH JIHHHH DDq . 

Ha Hecymeii njiocKOCXH KOopAHHaxHbie och x, , i = l,n, pacnojio- 
>KHM B paAHajibHbix HanpaBjiCHHax, Tpe6ya, hto Ka5K;iaa KOopAHHaxHaa 
ocb pasMCCTHjica xojibKO Ha oahom h3 nepeceHeHHH 3thx « njioc- 
Kocxeii c Hecymeii njiocKOCXbio. Byjieu CHHxaxb, hxo HanajibHaa xohke 
KaayjOH KOopAHHaxHoii och x, naxoAHxca na xohkc HepeccHCHHa 3xhx 
occH. no-HpeacHCMy nojiaracM, hxo och x, HpeAHasHaneHbi /ijia reo- 

MCXpHHCCKOrO H306pa5KeHHa SHaHCHHH Ha6jII0AaeMbIX (J)yHKIIHH /',(/), 
rpaHHHHblX H OHXHMajIbHblX (JjyHKIJHH B HOBOH KOOpAHHaXHOH CHCXCMC, 

SaMenanue 06 yzjiax 

Bbime Mbi He aKiienxHpoBajiH BHHManHC na snaneHHax yrjiOB Mcac- 
/ly HjiocKOCxaMH, nepeccKaiOHiHMH Hecyniyio HjiocKOCXb. J\Qjio b xom, 

HXO HO C006pa5KeHHaM CHMMCXpHH, KOHCHHO, M05KH0 Xpe60BaXb, HX06bI 

yrjibi Me5K;iy H0Ji05KHxejibHbiMH HanpaBjieHHaMH jHo6bix AByx 6jiH5KaH- 

HIHX KOOpAHHaXHblX OCCH X, 6bIJIH O^HHaKOBblMH (h paBHbl 360°/«), 

nanpHMcp, xaK, KaK 3x0 H3o6pa5KeHO njin oceii na pHC.22a hjih pHC.22b. 

O^HaKO H0A06H0e CHMMCXpHHCCKOe paCHOJIOJKCHHC KOOpAHHaXHblX 

oceii B03M05KHO xojibKO B XOM cjiyHac, ecjiH n mo5kho HpcACxaBjiaxb b 

BH/ie « = 3'", Tji,Q m - jHo6oe naxypajibHoe hhcjio. B hpoxhbhom cjiy- 
nae, oxMCHCHHaa CHMMCxpna napymaexca. 

3x0 o6cxoaxejibcxBO hc cos^aex naM cepbcSHoro npenaxcxBHa, no- 
CKOJibKy c nepexoAOM k onopnbiM oxpesKaM, mm «xepaeM» oxpnija- 
xejibHbie nacxH KOopAHnaxHbix oceii, a nocjie 3xoro yKasaHnaa chm- 
Mcxpna jierKO BOCCxanaBnHBaexca (nocjie /leiicxBHii cooxBexcxByiomnx 
iipeo6pa30BaHHii BpamenHH, npHMCHeHKbix k onopnbiM oxpesKaM). 

KoopAHHaxHyK) ocb bpcmchh / , npcAHasHaHCHHyio njin HSMcpcHHii 

BpCMCHH paCnOJI05KHM Ha JIHHHH DDq , OpHCHXHpya ee B HaHpaBJICHHH, 

HAymcM ox Hecymeii hjiockocxh k Ha6jiiOAaxejiio. ripHMCM, hxo Hanajib- 
Haa xoHKa och bpcmchh, cooxBCxcxByiomaa MOMCHxy bpcmchh 1 = 1^ 

pacHOJiaracxca na hcpccchchhh jihhhh DDq c Hccymcii HjiocKOCXbio. 
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Puc. 22 a, b. B cjiynae a): « = 9 , h yroji MCJiyiy nojioJKHxejibHbiMH 
HanpaBjieHHHMH jiK)6bix AByx 6jiH5KaHmHx KOopAHHaxHbix oceii x, pa- 
BCH 40 rpa^ycaM. B cjiynae b): « = 27 , h yroji Me5K/iy nojioJKHxejib- 
HbiMH HanpaBjiCHHaMH jiK)6bix AByx OjiHacaiiniHx KOopAHHaxHbix oceii 
Xj paBCH 6.6(6) rpa/iycaM. 
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E/IHHHIIbl HSMepCHHa JiJiH KOOpAHHaXHblX OCCH OnpCAejIHM TOHHO 

xaK 5Ke, KaK 3x0 6bijio CAejiano njin I KoopAHHaxHoii CHCxcMbi (pasACJi 
1.2). 

B Hxore mm bh/ihm, hxo npocxpancxBe Rt, Ka5K;iaa ynopa/iOHeHHaa 

napa oceft x, , / , /=!,«, o6pa3yex AByMepnyio jieByio npaMoyrojibHyio 
AeKapxoByK) KOopAHHaxHyio CHCxcMy. 

B CBOK) OHepCAB 3XH KOOpAHHaXHblC CHCXCMbl BMBCXe COS^aiOX B 

npocxpaHCXBC Rt, anajior I KOopAHnaxHOH CHCxeMbi (cm. pHC.23). TaK 

KaK B HOBOH KOOpAHHaXHOH CHCXCMC Mbl HMCCM Ji,QJiO C eAHHCXBCHHOH 
OCbK) BpCMCHH, XO B /jaHHOM CJiyHaC y HaC OXCyXCXByiOX B03M05KH0CXH 

jijin BBe^eHHa noHaxHH njiocKOCXH h noBcpxHOCXH bpcmchh (pasACJi 
2.1). 3x0 o6cxoaxejibcxBO ne cos^aex npo6jieMy b BH/iy xoro, hxo b hc- 

XOAHOH 1 KOOpAHHaXHOH CHCXCMe BCB OCH BpCMCHH paCCMaxpHBajIHCb 
KaK KOnHH OAHOH BpeMCHHOH KOOpAHHaXHOH OCH. 

Ilo anajiorHH c npcAbiAyiHHM, nacxb npocxpancxBa R^, , saKjnoHCH- 
Haa Mcayiy KOopAHnaxHbiMH njiocKOCxaMH nocxpocHHoro anajiora 1 ko- 

OpAHHaXHOH CHCXCMbl, HC HMCCX HHKaKOFO OXHOHICHHa K HSMCpHXCJIb- 
HblM (J)yHKIIHaM 3X0H KOOp^HHaXHOH CHCXCMbl. Ox6paCbIBaa H3 3X0H KO- 

opAHHaxHOH CHCXCMbl ocb BpcMCHH, Mbl HOJiyHHM aHajiOF cxaijHOHap- 
HOH KOopAHHaxHOH CHCXCMbl /jjia paccMaxpHBacMOFO cjiyHaa. 

C yncxoM h/ich /lOKasaxcjibcxBa jicmmm 1.3.1 mo5kho y6cAHXbca b 
xoM, Hxo K0Hrpy3HXHbic npco6pa30BaHHa KOopAHHaxHbix OCCH npaMO- 
yrojibHOH /iCKapxoBOH KOop^HHaxHOH CHCXCMbl H3 HpocxpaHCXBa i?„ , 

npHBOASniHC HX K COBnaACHHK) C COOXBCXCXByiOHIHMH KOOpAHHaXHblMH 

ocaMH anajiora cxaijHOHapHOH KOop^HHaxHOH chcxcmm, mo5kho ocy- 
mecxBHXb roMeoMop(J)HbiM o6pa30M. ripn 3xom rjiaBHOC oxjihhhc npo- 
HBjiHCxca B XOM, Hxo Ha 3X0X pa3 oxna^acx Heo6xoAHMOCXb b «pacnien- 

JICHHH» MHOrOMCpHOH HaHajIbHOH XOHKH KOOp^HHaXHOH CHCXCMbl HpO- 

cxpaHCXBa R„ na OAHOMcpHbie HanajibHbic xohkh occh hoboh cxaijHO- 

HapHOH KOopAHHaxHOH CHCXCMbl. HajiHHHC roMCOMopcJjHoro oxo6pa5Ke- 
HHa, Hapa/iy c xcm hojiojkchhcm, hxo pa3MepH0CXb npocxpancxBa aB- 
jiacxca xonojiorHHCCKHM HHBapnaHxoM, npHBO^ax nac k yxBcpjK/iCHHK), 
aBjiaioniHMca anajioroM xeopcMbi 1.3.1, npHHCM KaK no (J)opMyjiHpoB- 
Kc, xaK H no HACC A0Ka3axcjibcxBa. 
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Puc. 23. Anajior I KOopAHHaxHOH CHCxeMbi j^jm cjiynaa « = 8. TaK 

KaK B paccMaxpHBacMOM cjiynae « ^^^ 3™ npn jiK)6bix HaxypantHbix hhc- 
jiax OT , xo B cooxBCxcxBHH c saMCHaHHCM o6 yrjiax, hcbosmojkho nyxcM 
H3MeHeHHH opHeHxaijHH KOopAHHaxHbix oceii /io6HXbca xoro, Hxo6bi yr- 
jibi MeJKZiy noji05KHxejibHbiMH HanpaBjiCHHaMH jiK)6bix jxsyx 6jiH5KaHmHx 
no pacnoji05KeHHK) KOopAHnaxHbix oceii x, , /=1,8, 6bijiH OAHnaKOBbi- 
MH. B nacxHOCXH, na /laHHOM H3o6pa5KeHHH xaKaa CHMMexpna, b pacno- 
ji05KeHHax oceii, napymeHa KOopAHHaxHbiMH ocsmh X4 h X5 . 
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TaKHM o6pa30M, xenept b HHxepnpexaiiHH sanncH roMeoMop(J)Horo 
oxo6pa5KeHHa (1.3.1) hobbim 6yAex xoubko xo, hxo Ha 3xox pas BepniH- 
Hbi - rpa(J)a 6yAyx pacnojioJKCHbi na KOopAHHaxHbix ocax, pasMemen- 
Hbix Ha njiocKOCXH B paAHajibHOM nopa/iKe. IloaxoMy npn /ichcxbhh o6- 
mero npaBHjia (pasAeji 1.3), mm Ha Hecymeii hjiockocxh b KanecxBe o6- 
pasoB xoHCK npocxpancxBa R„ , Oy^CM nojiynaxb OAHOCBasHbie h hco- 
pneHXHpoBaHHbie n - BepniHHHbie rpa(J)bi, HMeioiHHe bh;i junozoyzojib- 
nuKoe. 

KoneHHO, saMKHyxocxb 3xhx MHoroyrojibHHKOB Moacex 6bixb napy- 
mena b cjiynae oxcyxcxBHa pe6pa MCJiyiy BepniHHaMH 1 h « , noaxoMy 
Mbi ycjiOBHMca B /lajibHejinieM b o6a3axejibHOM nopa/iKe coeAHHHXb 
pe6poM 3XH BepniHHbi. B pesyjibxaxe, Mejiyiy mhojkccxbom xaicHx mho- 
royrojibHHKOB h npocxpancxBOM i?„ 6yAex cymecxBOBaxb roMeoMop(})- 

Hoe cooxBexcxBHC BH/ia (1.3.2). 

npoAOJi5Kaa anajiorHH c panee onHcaHHbiMH maraMH, mo5kho bbo- 
/IHXb B paccMOxpeHHC anajiorH 11 a^anxKBHOH KOopAHHaxHoii CHCxcMbi 
H npeo6pa30BaHHOH aAanxHBHoii KOopAHHaxHoii CHCxcMbi. Ilpn nepexo- 
AC K anajiory 11 aiianxHBHOH KOopAHHaxHoii CHCxcMbi, kouhhccxbo bbo- 
/IHMbix oceii BpeMCHH Bospacxaex h /locxHraex HHCJia n . Ba5KH0 oxmc- 

XHXb, HXO npH 3X0M npOXHBOpeHHH HC BOSHHKaCX, B CHJiy XOFO, HXO 3XH 

ocH BpeMCHH, KaK H paHee, paccMaxpHBaioxca KaK KonHH oahoh hcxoa- 

HOH OCH BpCMCHH. HHXepeCHO, HXO npH 3X0M HB B03HHKaeX CepbCSHOH 
Heo6xOAHMOCXH JiJiH BBe^eHHa 0C06bIX HOBblX 0603HaHeHHH C IjejIbK) 

yKasaHHa xaK KOopAHnax xohck, KaK h HasBaHHH cooxBCxcxByioiHHx ko- 
opAHHaxHbix oceii. 

O^HaKO B paccMaxpHBacMOM cjiynae nonaxHC /lonojiHHxejibHoii ac- 
KapxoBoii KOopAHHaxHoii chcxcmm hc bboahxcs. Bee o6o3HaHeHHa, He 
eBasaHHbie e 3xoii KOop^HHaxHoii CHCxeMoii h HenojibsOBaHHbie panee, 
/IJia yKasanna, KaK KOop^HHax xohck, xaK h nasBaHHii KOopAHHaxHbix 
oceii, Mbi ocxaBjiacM 6e3 HSMeneHHii. llpn 3xom, b saBHCHMOCXH ox koh- 
xcKCxa, noHaxHC paccxoaHHa jio «njiocKOCXH BpeMeHH» xenepb cjie/iyex 
BOcnpHHHMaxb KaK noHaxHC paccxoanna jio o^Hoii cooxBexcxByiomeii 
«BpeMeHHoii och» anajiora 1, hjih 11, hjih 5Ke npeo6pa30BaHHoii a/ian- 
xHBHoii KOopAHHaxHoii CHCxcMbi. B pesyjibxaxe Bce nojioJKCHHa h jiaxQ 
(J)opMyjibi, npHBCAeHKbie b pasACJie 4.5, ocxaioxca b chjic, HcnbixbiBaa 
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AonojiHHxejibHO jinnib npHMeneHHa npeo6pa30BaHHH BpamenHa h cabh- 
ra, onpeAejiaeMbie ecxecxBeHHbiM o6pa30M cooxBexcxByioiHHMH hobm- 
MH pacnoji05KeHHaMH KOopAHHaxHbix oceft. HasoBeM 3xh npeo6pa30- 
BaHHa /iJia KpaxKOCXH npeo6pa3oeanuiiMU coomeemcmeuH . 

OxMCXHM, Hxo B nporpaMMC, ynoManyxoH b npHMCHaHHH 31, npe- 
o6pa30BaHHH cooxBexcxBHH ;ionojiHHxejibHO 6bijiH npHMeneHbi ko bccm 
KOopAHHaxaM MexoK Ha oGieKxe Picture 1, coAep5KaiHHM HyMepaijHH 
KoopAHHaxHbix oceii. 

H3MeHeHHa Kocnyxbca h Ha3BaHHH onxHManbHbix BepxHKajieii, on- 
xHMajibHOH njiocKOCXH, jieBOH H npaBOH rpaHHHHbix BepxHKajieii, jicboh 
H npaBOH rpaHHHHbix hojioc, a xaioKC hal-rpa(J)a h hal-HOBcpxHOCXH. 
HpHBOAHMbie HH5Ke OHpeAejiCHHa paccHHxaHbi /ijia paccMaxpHBaeMoro 
anajiora I KOopAHHaxHoii CHCxcMbi, hphhcm HOApoOnee mm hphboahm 
xe OHpeACJieHHa, Koxopbie hmciox ncKOxopbie oxjinnna ox panee bbc- 

/ICHHblX HOHaXHH H XCpMHHOB. 

OnpeAejieHHe 4.6.1. n.nocKocmb, Komopasi napa.n.ne.nbHa necyuf.eu 
n.nocKocmu u nepeccKaem ocb epemenu na yda.nenuu t - /^g om nee, 
naaoeeM z - necyuf.eu njiocKocmbm. Ec.nu r HejiHemcH meKyiquju 
ananenueju epemenu, mo coomeemcmeyioiqyio r - necyiqym njiocKocmb 
6ydeM naaueamb mexyu^eu r - necyu^eu njiocKocmbm. 

HH5Ke HpcAnojiaraeM, hxo Cjj(/o)>0. B cjiynae, Kor/ia 3xo npe/i- 
HOJioaceHHe Moacex hphbccxh k orpanHHenHio o6ihhocxh paccyacAenHH, 

Mbl B COOXBeXCXBHH C npHMCHaHHeM 8 BMeCXO 3HaHeHHa Cjj(fo) B03b- 
MCM npOH3BOJIbHO (J)HKCHpOBaHHOe 3HaHeHHe a > . 

Anajior t - onxHMajibHoii BepxHKajiH /laexca b cjiCAyioiHeM onpe- 
AejieHHH: 

OnpeAejiCHHe 4.6.2. Hasoeem r - onmuMa.nbnbiJvi unozoyzonb- 
nuKOM pacnojiooKennuu na t - necyuf.eu njiocKocmu maxou n - eep- 
munnuu npaeujibnuu MnozoyzojibnuK, eepmunu, Komopozo mookuo 
onucamb moHKQMU, nojiynennuMU om moneK c Koopdunamamu 
(cjj(/o), tV. e peay.ubmame npujuenenuH coomeemcmeymujux npeo6pa- 

joeanuu coomeemcmeun. 
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Ji^a T - onxHMajibHoro MHoroyrojibHHKa coxpaHHM npeacnee 
o6o3HaHeHHe Op[t) , tjiq t eT . 

Onpe/iejieHHe 4.6.3. UoeepxHocmb, Komopa^ no xody epemenu 
T e r onucbieaemcH z - onmuMOJibHUM MHOzoyzojibHUKOM Opyt) 6ydeM 
nasbieamb onmuMajibnou noeepxnocmbm u oOosnanamb cumgojiom 
Op{T). 

TaKHM o6pa30M, npn bchkom SHaHenHH BpeMenH t e T cooxBex- 
cxByioiHHH T - onxHMajibHbiH MHoroyrojibHHK Opir) aBjiaexca o6pa- 
syioiHHM jijia onxHMajibHoii noBcpxHOCXH Op{T) . 

Ohcbh/iho, hxo Kaac/iaa BepniHHa r - onxHMajibHoro MHoroyrojib- 
HHKa yAajiCHa ox och BpeMCHH Ha paccxoaHne c^ytQ ) . 

06pa3HO roBopa, b hobom npeACxaBjiCHHH onxHMajibHbie mhofo- 
yrojibHHKH H onxHMajibHaa noBcpxHOCXb Moryx 6bixb nojiyneHbi ox 
onxHMajibHbix BepxHKajieii h onxHMajibHoii njiocKOCXH nyxcM najiJie- 
5Kainero hx CBcpxbiBaHHa. CKasanHoe oxHOCHxca xaioKe k hobmm npe^- 
cxaBjiCHHaM noHaxHH jicboh h npaBon rpaHHHHbix BepxHKajieii, coox- 
BexcxBCHHO jieBbiM H npaBbiM rpaHHHHbiM nojiocaM, a xaitace k nonaxH- 
aM hal-rpa(J)a h hal-noBepxHOCXH. 

Kamjibm hal-MHoroyrojibHHK aBjiaexca n - BepniHHHbiM mhofo- 

yrOJIbHHKOM H HMCeX BepniHHbl, KOOp^HHaXbl KOXOpOrO B Ka5KHbIH MO- 
MCHX BpeMCHH B HOBOH Hpeo6pa30BaHHOH a/iaHXHBHOH KOOp^HHaXHOH 

CHCXCMC B3aHMH00AH03HaHH0 OHpeACJiaioxca HHCJieHHbiMH snaneHHaMH 

KOHXpOJIHpyeMblX /laXHHKOB. 

Ho anajiorHH c npeAbiAynjHM, b xom cjiynae, Kor/ia Bce HHCJieHHbie 
SHaneHHa KOHxpojinpyeMbix /laxHHKOB cooxBCxcxByiox onxHMajibHbiM, 
hal-MHoroyrojibHHK coBna/iaex c cooxBCxcxByioiHHM no bpcmchh ohxh- 

MajIbHblM MHOrOyrOJIbHHKOM. 

HpeACxaBjiaexca OHCBH/iHbiM, hxo b hoboh Hpeo6pa30BaHHOH a^an- 

XHBHOH KOOpAHHaXHOH CHCXCMC OHXHMajIbHblH MHOFOyrOJIbHHK, BHyX- 
PCHHHH H BHCHIHHH rpaHHHHbIC MHOFOyrOJIbHHKH MOryX 6bIXb HOCXpO- 

CHbi 3a6jiazoepeMenno , xohho xaK 5kc, KaK 3xo pancc hmcjio mccxo jijin 

06bIHHbIX (J)OpM KapXHH Ha6jIK)ACHHa. 
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4.7. TEOMETPHHECKHH nOflXOA 
K 3AAAHAM AHAFHOCTHKH 

IIpH pemcHHax AHarHOCTHHecKHx sa^an xe hjih hhwc bw- 

BOAW O COCTOaHHaX AHarHOCTHpyCMblX oGteKTOB AejiaKDTca, 

KaK npaBHjio, na ocHOBe anajiHsa noKasaHHH AaxHHKOB, npn- 
MenaeMbix b AHarnocTHHecKHx ijejiax. OnncaHHaa Bwme reo- 
MexpHHecKaa Bepcna pemeHHa npo6jieMbi rjio6ajibHoro na- 
GjiKDACHHa, opHeHTHpoBana Ha pacnosnaBaHHa cocxoaHHH na- 
GjiiOAaeMbix oGtexTOB no nojioacennHM (KOHCJDHrypaiiHaM) jih- 
60 hal-rpa4)0B, jih6o jkc hal-MHoroyrojibHHKOB, x.e. reoMCx- 

pHHeCKHX oGtCKTOB, BSaHMHOOAHOSHaHHO onpeACJiaeMbix B 

npeoGpasoBaHHOH aAanxHBHOH KoopAHHaxHOH CHCxeMe noxa- 
saHHaMH HcnojibsyeMbix AaxHHKOB. IIpH 3X0M corjiacHO xeope- 
Me 1.4.2, MeacAy MHoacecxBaMH BceBOSMoacHbix cocxoaHHH 
pasjiHHHbix AHarHOCXHpycMbix oGtexxoB h hal-rpa4)0B (coox- 
BexcxBeHHO hal-MHoroyrojibHHKOB), cymecxByex roMCOMopcJ)- 
Hoe cooxBcxcxBHe. TcM caMbiM, B HCKOxopoM CMbicjie ycxa- 
HaBjiHBaexca npaMaa cb^sb Meac^y AHarHOCXHKOH h reoMexpn- 
necKHMH oGtCKxaMH npocxoH cxpyxxypbi - hal-rpa4)aMH hjih 
hal-MHoroyrojibHHKaMH cooxBexcxBenHO. 

BesycjiOBHO, HCKOxopwe cymecxByKDinne na npaKXHKe ah- 
arHOCXHHecKHe npnGopbi (AaxHHKH) KOHCxpyKXHBHO paccHHxa- 
Hbi KaK pas Ha xo, hxoGw nepcAabaxb HHcJjopMaiiHK) o cocxoa- 
HHH AHarHOCXHpycMbix oGtCKxoB B BHAe rpa4)HK0B, Koxopwe 
ecxecxBCHHO mojkho paccMaxpHBaxb b KanecxBC reoMexpn- 
HCCKHx oGtCKxcB. OAHaKO KaacAWH xaKOH rpa4)HK, c OAHoii 
cxopoHbi, coAepacHx HHCJDopMaiiHK), KaK npaBHjio, o5 HSMene- 

HHaX OAHOrO HJIH HeCKOUbKHX (j^HSHHCCKHX HapaMCXpOB, X.C. 

He Hccex hoao6ho hal-rpa4)y huh hal-MHoroyronbHHKy xoh- 
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HyiO HHCJDOpMailHK) O nOBeACHHaX BCeX 6e3 HCKJIKDneHHa MHO- 

roHHCJiCHHbix HaGjiKDAacMbix napaMexpoB (HHane roBopa, ox- 
cyxcTByex cbohcxbo xohhoh «KopnopaxHBHOH annpoKCHMa- 
LIHH», oxMeneHHoe b pasACJie 4.3). C ApyroH cxopoHw, onaxb 
ace B oxjiHHHe ox hal-rpa4)0B hjih hal-MHoroyrojiBHHKOB - jio- 

MaHblX JIHHHH, HMeiOIUHX BepUIHHbl Ha HeCyiHeH njIOCKOCXH 

xojibKO c OAHOH cxeneHbK) cboGoabi ABHaceHHa (cooxBexcx- 
BeHHO B ropHSOHxajibHbix HJIH paAHajibHbix HanpaBjieHHax), - 

3XH rpa4)HKH HaCXO OHHCblBaiOXCa KpHBblMH AOCXaXOHHO 
CJI05KH0H (JDOpMbI, XpcGyKDIUHMH OX HaGjIKDAaXCJia cooxBexcx- 

ByiomeH KBajiHcJjHKaiiHH H HaBbiKOB AJi^ aACKBaxHoro Hx pac- 
HOsnaBaHHa. 

OGblHHO HHCjjOpMailHK) O COCXOaHH^X AHarHOCXHpyeMblX 

oGteKxoB Mbi HOJiynaeM, BOoGine roBopa, b BH^e ne xoubko 
rpacJDHKOB, HO H HHceji. MeacAy xeM sanncb HHcen, GesycjiOB- 
HO, xaxace ocymecxBjiaexca HOcpeACXBOM nexoxopbix o6me- 
npHHaxbix H HpaKXHHCCKH MFHOBeHHO pacHOSHaBacMbix reo- 

MCXpHHCCKHX KpHBblX. Ho, HHCJia (hJIH IJHCJDpbl) HaMH OCBaHBa- 

jiHCb B HpoLiecce oGynenna. He hckjuohcho, hxo hphGjihsh- 
xejibHO xaxace, b npoiiecce cooxBexcxByiomero oGynenna, 
MoacHO OBjiaACXb HCxyccxBOM Gbicxporo pacnosnaBaHHa hal- 
rpacJDOB HJIH hal-MHoroyronbHHKOB b cnynaax, Kor^a b ocyme- 
cxBnaeMbix npoLieccax cneaccHHa BbmonHHioxca cncAyioiuHe 
nexbipe ycnoBHa: 

1 . CneaccHHe ocymecxBnaexca sa oahhmh h xeMH ace (Jdhk- 
CHpoBaHHbiMH oGteKxaMH HUH npoLieccaMH; 

2. KonHHecxBa h xhhw asxhhkob, oxnecenHbix k KaacAOMy 
HaGniOAaeMOMy oGtexxy, ocxaioxca HCHSMenHbiMH; 

3. KajKAbiH AaxHHK CHrnanHSHpyex o KanecxBe (JDyHKiiHO- 
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HHpoBaHHa TOJibKO OAHoro (JjHKCHpoBaHHoro ysjia COOTBeX- 
CTByioinero Ha6jiK)AaeMoro oGtCKxa; 

4. Bo Bcex KapxHHax cjieaceHHa nopaAOK pacnojioaceHHa 
oGteKTOB H AaxHHKOB, a xaxace HyMepaiiHH cooxbcxcxbykdiuhx 

HM OnOpHblX OXpeSKOB OCXaKDXCa HeHSMCHHblMH. 

TaKHM oGpasoM, BMecxo pacnoanaBaHHa xpyAHO oGospn- 

MOH OrpOMHOH HHCjjOpMailHH, HOCHXejIbHHLieH KOXOpOH o6bIK- 

HOBeHHO cjiyacax MHoroHHCJiCHHbie reoMexpHnecKHe KpHBwe, 
npeAJiaraexca oGynnxca GwcxpoMy h necjioacHOMy pacnoana- 

BaHHK) 3KBHBajieHXH0H HHCJDOpMailHH, onpeACJiaeMOH reOMCX- 

pHHecKHMH KOHCJDHrypaiiHaMH Bcero OAHoro hal-rpa4)a hjih 
hal-MHoroyrojibHHKa. 

Bo BcaKOM cjiynae, npn BbinojiHCHMH nepeHHCJieHHbix bm- 
me ycjiOBHH, xaxoe oGyncHHe, no-BHAHMOMy, hc npcACxaB- 
jiaexca cjiHiiiKOM yjK HepeanbHOH. 

B cjieAyiomeM pasAene, na npHMepe mcahlihhckoh AHar- 
HocxHKH oGcyacAaexca b cxeMaxHHHOH (JDopivie HeKoxopwe bos- 
M05KH0CXH, CBasaHHbie c npHjioaceHHaMH npeAJiaraeMOH reo- 
MCxpHHecKOH BcpcHH peincHHa npoGjiCMbi rjio6ajibHoro na- 
GjiKDACHHa K saAanaM AHarHOCXHKH (cm. npHMenaHHe 33). 

npHMCHaHHe 33: 

B pasACJie 4.8 b cxeMaxKHHoii (|)opMe oGcyayiaeTCH sa^ana AHar- 
HOCTHpoBaHHa jijin MHorHx naiiHCHxa. Boo6ine roBopa, no-BH/iHMOMy, 

«HeCXeMaTHHHaa» (J)OpMa H3JI05KeHHa 3T0H XCMbl HeB03M05KHa 6e3 AOJI- 

5KHoro ynacxHa b 3xom MHoroo6einaK)ineM /lene mcahiihhckhx 3Kcnep- 

XOB. 

Bbi6op B KanecxBC npHMcpa mcahiihhckoh /inarHOCXHRH 6biji npo- 
/IHKxoBaH jxByma npHHHHaMH. IlepBaa npHHHHa hochx cy6'beKXHBHbiH 
xapaKxep, h CBasana c xcm, hxo H/ien (ho hc nasBaHHa) aflanxHBHoii ko- 
opAHHaxHOH CHCxcMbi H hal-rpa(J)a b cboc BpcMa boshhkjih y aBxopa 
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npH nonbiTKax HanxH cpaBHHxejibHO xoHHbie h HaAe>KHbie cnoco6bi /ijih 
reoMexpHHecKoro pemcHHa sa/ian, CBasaHHbix c mcahiihhckhm o6cjie- 
/lOBaHHCM naijHeHxoB. Bxopaa 5Ke npHHHHa CBasana c xcm, hxo b hcko- 
xopoM CMbicjie, caM nepexoA ox mcahiihhckoh /inarHOCXHRH k 3KBHBa- 
jiCHXHOH «/iHarHOCXHKe» hal-rpa(|)OB, oxKpbiBaex nyxb k npHMCHeHHaM 
B /iHarHOCXHpoBaHHH reoMCxpHHecKHx H/ieii. 

Mbi He peniHjiHCb BKjiiOHHXb B o6cyacAeHHH neKOxopbie HMeioiHHe- 
ca /lonojiHHxejibHbie MaxeMaxHHCCKHe H/ien H3-3a 6oh3hh xoro, hxo 3xh 

H/ieH BCe-XaKH HMCIOX MCAHIIHHCKHe 3KBHBajieHXbI, H n03X0My OHH 

o6a3axejibHO /ioji5KHbi 6bixb xmaxejibHO o6cy5K/ieHbi c Me^HKaMH (3Aecb 
pcHb H/iex He xojibKO /iHarHocxHpoBaHHH, HO H B03M05KHOM onpe^e- 
jiCHHH onxHMajibHoro Kypca jieneHHa na ochobc pemcHHa a^eKBaxHOH 
MaxeMaxHHecKOH 3aAaHH onxHMH3aiiHH). 



4.8. CXEMA nPHMEPA HO 

MEAHItHHCKOH AHArHOCTHKE 

fljiH yAoGcTBa HSJioaceHHa BCCBOSMoacHbie MeAHiiHHCKHe 
npnGopbi HjiH oGopyAOBaHHa, npHMenaeMbie a-h^ oGcjieAOBa- 
HHa naiiHeHTOB, ycjiOBHMca e npedenax amoeo pasdena Hasw- 
Baxb AaTHHKaMH. TaKHMH AaxHHKaMH Moryx Gwxb, nanpHMcp, 
apxepHajibHbiH ociiHjijiorpacJ), cjiyacainHH a-h^ nojiyneHHa rpa- 
4)HKa AaBjieHHa naiiHeHxa, ccJjHrMorpacJ) - A-n« onpeAeneHHa b 
BHAe rpacJDHKa nyjibcoBbix KOJieGaHHH cocyAHCxoH cxeHKH, 
sjieKxpoxepMorpacJ) - a-h^ nojiyneHHa HenpepwBHbix rpacj^HKOB 
xcMnepaxypbi hjih ^aace oGbiHHbiH MeAHiiHHCKHH xepMOMexp - 
AJia onpeACJieHHa xeMnepaxypbi naiiHeHxa b oxAenbHwe ahc- 
KpexHbie MOMeHXbi BpeMeHH h x.a- 

Pesyjibxaxbi jiaGopaxopHbix MeAHiiHHCKHx anajiHSOB, nojiy- 
HeHHbie B AHCKpexHbie MOMenxbi BpeMeHH b BH^e neKoxopbix 
pasMepHbix HJIH GespasMepHbix BenHHHH, oneBHAHO, Moryx 
6bixb HHxepnpexnpoBaHbi KaK snaneHHa neKOxopbix BOo6pa- 
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acaeMbix KycoHHO-nocxoaHHbix (Jdyhklihh (oGwHHbix hhcjiobwx 
HjiH GyjiCBbix) c BpeMCHHbiM apryMeHTOM. 3to oGcxoaxejib- 
CTBO nosBOJiaex oxHecxH k HHCJiy paccMaxpHBaeMbix AaxHHKOB 
H xe MCAHitHHCKHe npnGopbi hjih cpeACXBa, Koxopwe paccHH- 
xaHbi AJi^ nojiyneHHa BceBOSMoacHbix AHCKpexHbix MeAHiiHH- 
CKHx xapaKxepHCXHK npH npoBeACHHax MeAHiiHHCKHx anajiH- 
30B (no 3X0My noBOAy cm. npHMenaHHe 34). 

MnoacecxBO BceBOSMoacHbix AaxHHKOB, peanbHO Aocxynnbix 
AJia npHMCHCHHa B ijejiax oGcjieAOBaHHa naiiHenxoB b xeneHHC 
onpeAejiCHHoro npoMeacyxxa BpeMeHH T^, oGosnaHMM chmbo- 

jiOM Q(rJ. 3Aecb Tf = [tQ, t], t^Tf^ =T = [tQ, t^]. 

MnoacecxBO f2{T) b xopouiHx KjiHHHKax o6biHHO cocxohx 

H3 MHOrOHHCJICHHblX H paSHOXHRHblX AaXHHKOB. ^a H KOJIHHe- 

cxBO eaceAHeBHO oGcjieAycMbix naiiHenxoB b xaKHx KjiHHHKax 
HepeAKO AOCxaxoHHO bcjimko. TaKHM oGpasoM, ecjiH oxhochx- 
ca K npoLtCAype MCAHitHHCKoro AHarHOCXHpoBaHHa KaK K pac- 
nosHaBaHHK) MHoroHHCJieHHbix H HeoAHopoAHbix «MaxepHa- 
jiOB» HaAcacHoro cjieaccHHa, xo paccMaxpHBaa naiiHenxoB b Ka- 
necxBC o6teKxoB cjieaceHHa, mm OKaaceMca b ycjiOBHflx npHMC- 
HeHHa oxMeneHHoro b pasACJie 4.7 reoMexpHnecKoro noAxoAa 
(nanoMKHM, hxo cmmcji BbipaaccHHa «HaAe5KHoe cjieaceHHO) 
6biji pacKpbix eme bo BBeACHMH). 

Hnace, CHanajia, mw noxaaceM, hxo bosmo^khocxh nnn 
npHMCHeHHa onHcaHHoro b KHHre reoMCxpHHecKoro noAxo^a 
B MCAHitHHCKOH AHarHOCXHKe ACHCXBHxejibHO GjiaronpH^x- 
Hbie. Ilocjie 3xoro, nocxapaeMca o6ocHOBaxb nojiesnocxb xa- 
Koro noAxoAa. 

IIpeacAe, oGpaxHM BHHMaHHe na xo, hxo b KHHre, ao npn- 
MeneHHa npeoGpasoBaHHH BpeMCHH (pasACJi 4.4), BpeMCHHbie 
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KoopAHHaxbi Bcex TOHCK ocxaBajiHCb HHBapHaHxaMH npeoGpa- 
soBaHHH Hx npocxpaHCTBeHHbix KOopAHHax. 3x0, no cyxH, 03- 
Hanaex, hxo npeoGpasoBanHa BpeMeHH a-h^ BpeMeHHbix Koop- 
AHHax xoneK mojkho Gbijio c caMoro Hanajia peanHSOBaxb h b I 
KOopAHHaxHOH CHCxeMe. B CHjiy 3xoro, b I KOopAHnaxHOH 
CHCxcMe, AJi^ HSoGpaaccHHH xexyinHx noKasanHH xaacAoro h3 

AaXHHKOB, MOJKHO BblAejIHXb HO OAHOH He BpCMeHHOH KOOpAH- 

HaxHOH OCH, pacnojioaceHHOH na xeKymcH Hecyinefi njiocKOCXH 
(onpeACJieHHe 3.3.1) npn jirdGbix SHaneHHax BpeMeHH. Hpn 
3X0M HHKaKOH HyxaHHiibi He BOSHHKaex. HocKOJibKy He Bpe- 
MeHHbie OCH, oxBenaKDiuHe npomeAinHM MOMeHxaM BpeMeHH, b 

COOXBeXCXBHH C ACHCXBHeM Hpeo6pa30BaHHH (4.4.1) HO xoAy 

BpeMeHH yAajiaKDxca ox xexyineH Hecymen hjiockocxh b oxpn- 
LiaxejibHOM HanpaBjienHH KOopAHnaxHbix ocen BpeMenn. 

Ho-HpeacHeMy CHHxaeM, hxo HOKasanne xaacAoro AaxHHKa 
aBjiaexca CKajiapnoH BenHHHHOH (cxp.24). HoaxoMy, ecjiH ho- 
Kasanna Kaxoro-xo AaxHHxa OHHCWBaioxca BexxopnoH (JDynK- 
ijHeH, xo KaacAOH ee KOMHonenxe nyacHO oxHOCHXbca KaK k 
CKajiapnoMy noKasanHio oxAenbHoro AaxHHKa. 

CjieAOBaxejibHO, a-im AaxHHKOB, BbipaGaxbrnaioinHx CHrna- 
jibi c HecKOJibKHMH CKajiapHbiMH cocxaBjiaKDinHMH, npHAexca 
BbiAejiHXb cooxBexcxBeHHO cxojibKO ace ne BpeMeHHbix Koop- 
AHHaxHbix ocen (no axoMy noBOAy cm. npHMenaHHe 35). 

TaKHM oGpasoM, ne napymaa oGiuhocxh paccyacAenHH, 6y- 

AeM CHHXaXb, HXO MHOaceCXBO fi{T) COCXOHX H3 AaXHHKOB, Bbl- 

pa6axbiBaK)inHx xoubko cxajiapHbie noxasaHHa. 

HanoMHHM, HXO corjiacHO pasACJiy 1.2, pasjiHHHa b (Jdhsh- 
necKHx pasMcpHOCxax noKasanHH AaxHHKOB coBepmcHHO ne 
aBjiaioxca noMCxoH AJi^ npoBeACHHa cjieaceHHa. 
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B cooTBCTCTBHH c pasACJiOM 1.1, ji,ji5i oGcjieAyeMoro /- ro 
naiiHeHxa noxasaHHe j - ro AaxHHKa cooxBexcTByioinero mo- 
MeHxy BpeMeHH zeT, o6o3HaHHM KaK /,(t), r^e /'- HAenxH- 

(JDHKailHOHHblH HOMep nailHeHXa, kj - KOJIMHCCXBO AaXHHKOB 

H3 MHOJKCCXBa ^\T), npHBnexaeMbix A-na o6cjieAOBaHHa na- 
LtHCHxa / , i = l,N , j = \,kj . 

IIpeAnojioJKHM, Hxo nocpeACXBOM naAJieacainero Hcnojibso- 
BaHHa BcaKoro AaxHHKa H3 MHoacecxBa f2[T) Moryx Gwxb no- 
jiyneHbi AHCKpexHbie hjih HenpepwBHbie KpHBbie AByx xhrob, 
xapaKxepHsyKDinHC jihGo HopManbHoe, jihGo ace HenopMajibHoe 
4)H3HOJiorHHecKoe (JDyHKiiHOHHpoBaHHe KaKoro-jiH6o oprana 
AHarHOCXHpyeMoro naiiHeHxa na oxpesxe BpeMeHH T . 

KpHBbie, HpHHHCJiaeMbie MeAHLlHHCKHMH 3KCHepxaMH K 

HepBOMy xHHy, nasoBeivi AonycxHMbiMH kphbmmh paccMaxpn- 
BaeMoro AaxHHKa. Tohkh AonycxHMbix kphbmx ycjiOBHMca na- 

SblBaXb AOnyCXHMblMH XOHXaMH. 

KpHBbie Bxoporo xnna nasoBeM HeAonycxHMbiMH. Te xoh- 
KH HeAonycxHMbix kphbmx, Koxopwe ne Moryx oxasaxbca na 
nepecenenHH 3xhx kphbmx c AonycxHMbiMH kphbmmh, GyACM 
HasMBaxb HeAonycxHMMMH xoHKaMH. TaK hxo BcaKaa neAony- 
cxHMaa KpHBaa AOJiacna HMexb xoxa 6bi OAHy HeAonycxHMyio 

XOHKy. 

Ho anajiorHH c pasACJiOM 1.1 npHMeM, hxo Bce a^xhhkh 
HJIH, xoxa 6bi, HOAaBjiaioinee KOJinnecxBO a^x^hkob h3 MHoace- 
cxBa ^\T), Moryx npHHHMaxb AonycxHMbie SHaneHHa h3 ne- 
Koxopbix HHxepBajiOB. Ilycxb /,y(r) = (a,y(T), ^^^(t)) - mhhh- 
MajibHMH no AJiHHe HHxepBaji, onpeAejiaeMbiii MeAHiiHHCKHMH 
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SKcnepxaMH h3 xoro ycjiOBHa, hto 3tot HHxepBaji coAepjKHx 
Bce AonycTHMbie, x.e. c MeAHiiHHCKOH tohkh speHHa 6jiaro- 
npHaxHbie a-h^ oGcjiCAyeMoro naiiHeHxa SHaneHHa (Jdyhklihh 
/. ■ (t) Ha MOMeHT BpeMCHH T e r . 

CHHXaeM, HTO OTHOCHXejIbHO nOKaSaHHH AaXHHKOB H3 MHO- 

acecTBa fi\T) Bce AHarHOCXHpyeMbie opranbi naLtHCHxa / b 

MOMeHX BpeMeHH Z 4)yHKLlH0HHpyK)X HOpMajIbHO, ecjiH 

xojibKO ij (r) e I^ (r) a-h^ bccx SHaHCHHH 7 , i = l,N , 7 = 1, k^ . 

KpHBbie (4)yHKLiHH) a,y(r) h bjAz), bhobb, no anajiorHH c 
pasACJiOM 1.1, GyACM nasbiBaxb jieBbiMH h npaBWMH rpaHHHHbi- 

MH KpHBblMH ((JjyHKLlHaMH) COOXBCXCXBeHHO. TOHKH 3XHX KpH- 
BblX (hJIH (JDyHKLlHH) HaSOBeM COOXBCXCXBeHHO JICBblMH H npa- 
BblMH rpaHHHHblMH HCAOHyCXHMblMH XOHKaMH (SHaHCHHaMH) 

HJIH, 6ojiee KpaxKO - rpannnHbiMH xoHxaMH. 

B cooxBCxcxBHH c pasACJiOM 4.6, B cjiynae HpcACxaBjiCHHa 

KapXHHbl Ha6jIK)AeHHa B LlH4)ep6jiaXHOH (JDOpMC, OHCBHAHO, 

cjiCAyex cjiOBa «jieBbiH» h «HpaBbiH» saMcnaxb cjiOBaMH 

«BHyxpeHHHH» H «BHemHHH» COOXBCXCXBeHHO. 

CKasaHHoe, oxnocnxca h k xepMHHaM «onxHMajibHaa Bcp- 
xHKajib)), «rpaHHHHaa BepxHKajib» h «hal-rpa4)». Ohh b 
LtHcJjcpGjiaxHOH (JDopMC KapxHHbi cjicaccHHa saMCHaioxca xep- 

MHHaMH «OnXHMajIbHbIH MHOrOyrOJIbHHK», «rpaHHHHbIH MHO- 

royrojibHHK)) h «hal-MHoroyrojibHHK» cooxbcxcxbchho. 

ripHMCM, HXO CpCAH AOHyCXHMblX KpHBblX KaJKAOrO A^XMH- 

Ka H3 MHoacecxBa f2[T) mcahlihhckhmh SKcnepxaMH mojkcx 

6bixb BbiACJiCHa OAHa - cooxBCxcxByioinaH HaHjiyHuiCMy 4)yHK- 
iIHOHHpoBaHHK) oGcjiCAycMbix opraHOB naiiHcnxoB. HasoBCM 

3Xy KpHByK) OHXHMajIbHOH KpHBOH ((JjyHKLlHeH) . 
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B saxpyAHHxejibHbix cjiynaax onxHMajibHyio KpHByio mojk- 
Ho onpeAejiaxb noxoHCHHbiM oGpasoM xax cpeAHeapHCJDMexH- 
necKyio ox bo3mo5kho Gojibuioro HHCJia AonycxHMbix kphbmx 
(b 3X0M cjiynae onxHManbHbie KpHBbie yAOBjiexBoparox ycjio- 

BHK) eAHHCXBeHHOCXH). 

OnxHMajibHbie KpHBbie oGosHanHM CHMBOJiaMH: 
Cy(T),rAe rer, i = \N , j = \,k^ . 

Mbi CHHxaeM BaacHWM, hxo oxHOCHxenbHO saAaHHoro mho- 
acecxBa npnGopoB 0\T), jiCBbie h npabbie rpaHHHHbie 4)yHK- 
LiHH, a xaxace onxHManbHbie (JDyHKiiHH, no-BHAHMOMy, b noAaB- 
jiHKDineM CBoeM GojibuiHHCXBe Moryx Gwxb onpeACJieHbi MeAH- 
ijHHCKHMH 3KcnepxaMH 3a6jiaroBpeMeHHO, x.e. ao Hanajia npo- 

LlCAypbi AHarHOCXHpOBaHHa. 

SaMexHB, Hxo MeacAy BBeACHKbiMH Bbime (JDyHKiiHaMH, no 
anajiorHH c 4)opMyjiOH (1.1.1), cymecxByrox cjiCAyioiuHe oxho- 
mcHHa nop^AKa: 

aij{^)«^ij{^)<hj{T^) Vrer, i = \N , j = \k, , 
saKjiKDHaeM, hxo mm naxoAHMca b ycjiOBHax GjiaronpnaxKbix 
AJia npHMeHCHHa npeAJiaraeMOH reoMexpHnecKOH BcpcHH pe- 
uieHHa npoGjieMbi rjio6ajibHoro HaGjiKDACHHa. 

IIpH 3X0M rpaHHHHbie nojiocbi GA°{r) h GB°[t) b npeo6- 
paaoBaHHOH aAanxHBHOH KOopAHHaxHoii CHCxeMe Moryx 6bixb 

HCXOJIKOBaHbl KaK njIOCKOCXH OnaCHOCXH (hJIH, KJIHHHHe- 
CKOH CMepXH HJIH, A^ace CMepxn) OXHOCHXeHbHO AaXHHKOB 

MHOJKecxBa ^\T). 

OxHOCHxejibHO 3xoro ace MHoacecxBa AaxHHKOB onxHManb- 
Haa t^ - nojioca Op°\T) 6yAex cooxBCxcxBOBaxb HaHjiyHuieMy 
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4)H3HHecKOMy cocToaHHK) oGcjiCAyeMoro naiiHeHTa. 

C ynexoM peKOMeHAaiiHH pasAena 4.5, HSoGpaaccHHa rpa- 

HHHHbix BepxHKajieH GA°{x'), GB°{x') h onxHMajibHOH BepxH- 
KajiH Op°\x'), cooxBexcxByioiuHe kphbmm a^yVr), bi^ir) h 
^ijv-h J -\^i ^ B npeoGpasoBaHHOH aAanxHBHOH KOopAHnax- 

HOH CHCXCMC, BOCnpOHSBOA^XCa npaKXHHCCKH aBXOHOMHO, X.C. 

(JDopMyjiaMH npeoGpasoBaHHH (4.5.1) h (4.5.2), ne xpeGyro- 

IUHMH OAHaKO, AJI^ AOCXHaceHHa 3X0H LiejIH BbinOJIHeHHa Ka- 

khx-jih5o apHCJDMexHHecKHx HjiH jiorHHCCKHx onepaiiHH (hc- 

KJIKDHeHHe COCXaBJiaKDX paSBC JIHUIb BblHHCJieHHa, npOBOAHMbie 

c npoBepoHHOH LiejibK)). 3Aecb h Aanee CBasb Meac^y mo- 
MCHxaMH BpcMeHH T H t' ycxaHaBUHBacxca npeoGpasoBa- 

HHaMH BpeMCHH (4.4.1). 

3xH H Apyrne (JDopMyjibi npeoGpasoBaHHH, onHcaHHwe b 
pasACJie 4.5, oxasbiBaioxca HeoGxoAHMbiMH a-h^ BbiHHCJieHHa 

KOOpAHHaX XOJIbKO JIHUIb Ji,Jl5i OAHOFO Xlina XOHeK, a IIMeHHO 

xoHCK H°f'{x)= /°"(t),t' - BcpmiiH hal-rpa4)a b npeoGpaso- 

ij 

BaHHoii aAanxiiBHoii KoopAHHaxHoii ciicxcMe. 

3x11 BepmiiHbi aBjiaioxca cooxBexcxByioinHMii oGpasaMii 

XOHCK HjAt) = (/, (t), t).. , Koxopwe oniicbiBaioxca b KOopAHna- 

j J ij 

xax I KOOpAHHaXHOil CIICXCMbl B COOXBeXCXBIIII CO SHaHCHIiaMH 

noKasaHiiii AaxniiKOB, r^e t eT , i = l,N , j = l,k^ . 

Hs reoMCxpiiHecKoii KapxiiHbi HaGjiiOAeHiia no KOHxpex- 
HbiM MecxonojioJKCHiiaM BcpmiiH hal-rpa4)a oxHOCHxenbHO 
ipaHiiHHbix BepxiiKajieii ii onxiiMajibHoii BepxiiKajiii, npeA- 
cxaBjiaexca BOSMoacHWM onpeACJieHiie peajibHoro 4)ii3iiHecKO- 
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ro cocToaHHa oGcjieAycMoro naiiHeHxa OTHOCHxejibHO noKasa- 

HHH AaXHHKOB H3 MHOaCCCTBa fi\T). IIOJIOJKHTejIbHbie CTOpO- 

Hbi xaKoro reoMexpHHecKoro noAxoAa oGcxoaxejibHO onHcanbi 
B pasACJiax 4.5 - 4.7. yxaaceM xenepb na HeKOxopwe AonojiHH- 
xejibHbie cooGpaaceHHa, nenocpeACXBeHHO CBasaHHbie c MeAH- 

IJHHCKOH AHarHOCXHKOH. 

^jia noAHepKHBaHHa BOSMoacHOCxeH onHcaHHOH CHCxeMbi 

CJieJKCHHa, npHMeHHXejIbHO K MCAHItHHCKOH AHarHOCXHKe, 

paccMOxpHM cjieAyioinHH cyry6o rHnoxexHHCCKHH npHMep. 

ripHMcp (rHnoxexHHCCKHH). Ilycxb OAHOMy Bpany xapAH- 
ojiory xpcGycxca b xcxymcM pcacHMC oahobpcmchho anajiHSH- 
poBaxb KapAHorpaMMbi Aecaxcpwx naiiHCHxoB. 

^JIH pCmCHHa 3X0H Sa^aHH, B COOXBCXCXBHH C npHMCHa- 

HHCM 35, noHaAoGnxca npcoGpasoBaHHaa aAanxHBHaa KOopAH- 
HaxHaa CHCxcMa, HMCiomaa Bccro 110 hc bpcmchhmx koopah- 

HaXHblX OCCH, HJIH, HXO XO 5KC CaMOC, CXOJIbKO 5KC OHOpHblX OX- 

pcsKOB. CooxBCxcxBCHHO, hal-rpacj) 6yAex hmcxb 110 BcpuiHH. 
IIocjic HaAJieacamcH nacxpoHKH npcoGpasoBaHHOH KOopAHHax- 
HOH CHCxcMbi (x.c. HO saBcpuiCHHK) npoLiccca oGyncHHa, co- 
cxoaincM B onpcAejiCHHH Bccx 4)yHKLiHH aijir), byyz) h Cyyz), 

i = 1,10 , j = 1,11), pcmcHHC saAaHH cjicaccHna, corjiacHO pas- 
ACJiy 4.6, HC HOxpcGycx ox Bpana ccptcsHwx ycHjiHH. Ecjih 
AO Hanajia cjicaccHna npoBCCXH cooxBCxcxByiomcc oGyncnnc 
HO KjiaccHCJDHKaiiHH MHOJKCCXBa hal-rpacj^OB (no npHsnaxy nx 

COOXBCXCXBHa paSJIHHHbIM 6ojIC3HaM CCpAUa), XO H AJIH 

npoBCAenna AHarHOCXHpoBanna ox Bpana nc noxpc6ycxca oco- 
6bix ycHjiHH H BpcMCHH. A xoFAa, KorAa y bccx 10 - xh oGcjic- 
AycMbix naiiHCHxoB nc 6yAex nnKaKHx oxkjiohchhh ox HopMbi, 
cooxBCxcxByioinHH hal-rpacj) coBnaACx c onxHMajibHOH Bcpxn- 
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KajibK). fljia pacnosHaBaHHa xaKOH GnaronpHaxHOH CHxyaiiHH, 
KOHeHHO ace, hc xpeGyexca Gwxb npocj^eccHOHanoM KapAHOJio- 
roM. KcxaxH, xaxoe nejierKO BOoGpasHXb a-h^ cjiynaa anajiHsa 
Aaace oahoh KapAHorpaMMbi, SAecb xpyAHO oGoHXHCb 6e3 npo- 
4)eccH0Hajia KapAHOJiora. 3xo hc cjiynaHHOCXb. H6o, b oGwh- 
Hbix KapAHorpaMMax BecbMa yAoGnaa b CMbicjie pacnosna- 
BaHHa npaMaa jiHHHa cjiyacHXb, ybbi, xojibKO a-h^ (j^HKcaiiHH 
HeacejiaxejibHbix cjiynaeB ocxanoBOK cepAua. flanee, ne naAO 
6bixb npocJDeccHOHajiOM, hxoGw nonaxb, nacKOJibKO Gjihskh 
BepuiHHbi hal-rpa4)a k onxHManbHOH BepxHKanH (hjih k rpa- 
HHHHbiM BepxHKajiaM), H, cjieAOBaxejibHO, onpeACJiHXb, nyacAa- 
lOxcH-jiH BOoGine naiiHenxbi b ycjiyrax npocj^eccHOHana xapAH- 
ojiora, H ecjiH Aa, xo KaxHe HMeHHO hs 10 - xh naiiHenxoB, h 
Aaace, KaKHe hs hhx b nepByio onepeAb. 

B saKjiiOHeHHH paccMOxpcHHoro rHnoxexHHecKoro npHMe- 
pa oxMexHM, Hxo, o6e npoLteAypw oGyneHHa aocxohho GyACx 
npoBecxH xojibKO oahh pas h a-h^ cjiynaa oahofo BOoGpaacae- 
Moro naiiHeHxa, npHHeM pas h naBcerAa. 

Tax KaK McacAy MHoacecxBOM noKasaHHH npnGopoB h mho- 
acecxBOM hal-rpa4)0B cymecxByex BsaHMHOOAHOsnaHHoe coox- 

BeXCXBHC, xo KBajIHCJDHLlHpOBaHHOe, HO HeOAHOSHaHHOC HJIH HC 

xoHHoe onpeACJieHHe (JDHSHnecKoro cocxoaHHH naiiHenxa, mo- 
acex 6bixb oGtacneno ne xojibKO neAOCxaxoHHOCXbio hjih ne- 
coBepmencxBOM MeAHiiHHCKHx npnGopoB, BKniOHeHHbix bo 
MHOJKCCXBO AaxHHKOB fi\T). He «nonaBmHe» b KnaccHCJDHKa- 

iIHio HOBbie KOHcJjHrypaiiHH hal-rpa4)a, b npHHiinne, Moryx co- 
oxBCxcxBOBaxb HOBbiM, cine He oxKpwxbiM GonesHaM. TaKHM 
oGpasoM, Honynaexca, hxo HOBaa CHCxeMa cneacenHa cosAaex 

HeKOXOpwe HpeAHOCblUKH AJI^ rpaMOXHOH KHaCCHCJDHKailHH He 
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TOJIbKO HSBCCTHblX, HO H HOBblX, eiHC HC OTKpWTblX GojieSHCH. 

B npHjioaceHHH npeAJiaraeMoii CHCxeMw cjieaccHHa k MeAH- 

IJHHCKOH AHarHOCTHKe HaH60Jiee XpyAHOH H OXBeXCTBeHHOH 

npoGjieMOH abjiaexca npoGjieivia KjiaccHCJDHKaiiHH GojiesneH, 

COOTBeXCTByKDIUHX TCM HJIH HHbIM reOMCXpHHeCKHM nOJIOJKe- 

HH^M cooTBexcTByKDinero hal-rpa4)a (hal-noBcpxHOCXH) b Kap- 
THHax HaGjiKDAeHHa. IIpH 3T0M saflaHa onpeAeneHHa oxoGpa- 
aceHHH (4)yHKLiHH) aijir), i'ijv) ^ ^,^(7), zeT, i = l,N, 

j = \,kj , cpaBHHxejibHO hc npeACxaBjiHexca cxojib cjiojkhoh. 

IIo-BHAHMOMy, HeKOxopbiM AOCxoHHCXBOM npeAJiaracMoro 
noAxoAa K npoGjiCMC MeAHiiHHCKoro AHarnocxHpoBaHHa aB- 
jiaexca xo, hxo saAann oGyneHHa MeAHiiHHCKHMH 3KcnepxaMH 
Moryx 6bixb pemenbi b npeABapHxenbHOM nop^AKe (x.e. ao na- 
najia AHarnocxHpoBaHHa naiiHenxoB), npHHCM pemcHbi pas h 
HaBcerAa oxHOCHxenbHO AaHHoro MHoacecxBa npnGopoB 0\T) . 

Ilocjie 3xoro npcAJiaraeiviaa CHCxeMa cjieaceHHa, nosBOJiaex 

6e3 BCaKOH nOXepH HHCjjOpMailHH nepefiXH ox MeAHIlHHCKOH 

AHarHOCXHKH K cooxBCxcxByioineH «AHarHOCXHKe» reoMexpn- 
necKHx oGteKxoB npocxoH npHpoAw. Ona Moacex Gwxb 6e3 
cepbesHbix saxpyAHeHHH npHMenena b KanecxBC AonojiHH- 
xejibHoro cpcACXBa a-h^ oGcjieAOBaHHa pasjiHHHbix naiiHenxoB 
AO xex nop, noxa ne 6yAex HSMeneHO KOJiHHecxBO hjih Kane- 
cxBO npnGopoB, coAcpacainHxca bo MHoacecxBC 0{T) . 

B npHMCHaHHH 36 paccMOxpen npocxeHuiHH cjiynaH, nos- 
BOJiaKDinHH HaGjiKDAaxejiK) (Bpany) npaxxMHecKH HCMeAJieHHO 
ycxanoBHXb cocxoaHHe naiiHeHxa, cooxBCxcxByioinHH ero Han- 
jiynmeMy c MeAHiiHHCKOH xohkh spenHa cocxoaHHK) oxhoch- 
xejibHO noKasaHHH npnGopoB hs MHoacecxBa fi{T) . 
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EcxeCTBeHHO, HS COOTBeXCXByKDIUHX KapXHH HaGjIKDACHHa 

xaxace Gwcxpo MoacHO Gy^ex onpeACJiHXb KpHXHHCCKHe co- 
cxoaHHa oGcjiCAyeMbix naiiHenxoB. 

npHMCHaHHH: 

34. Pesyjibxaxbi najibnaijHH, onpe/ieJiaeMbie BpanaMH o6biHHO 6e3 
BcaKoro npHMCHeHHa mcahiihhckhx npH6opoB h, nojiyneHKbie b hcko- 
Topbie /iHCKpexHbie MOivienxbi BpeMeHH, b npHHijHne, Moryx 6bixb onn- 

CaHbl B BH/ie He HHCXCHHblX SHaHCHHH, a XOrHHCCKHX CXOB, x.e. B BH/ie 

3HaHeHHH HCKOxoporo xorHHCCKoro oxo6pa5KeHHa c BpeMCHHbiM apry- 
MCHXOM. KaJKZiOMy xaKOMy xorHnecKOMy cxoBy, 6e3ycxoBHO, mo5kho 

B3aHMH00AH03HaHHbIM 06pa30M COHOCXaBHXb HCKOXOpOe HHCXCHHOe 

3HaHeHHe, (|)HKCHpoBaB 3X0 3HaHeHHe 3a 3XHM cxoBOM pa3 H HaBcer/ia. 
B Hxore, jixokq pe3yxbxaxbi naxbnaijHH KoppcKXHO mo5kho onncaxb ne- 

KOXOpOH MH0r03HaHH0H GyXCBOH (J)yHKIIHeH, 3aBHCHIHeH ox BpCMCHH. 

^HCxeHHbie 3HaHeHHa 3xoh 6yxeB0H (J)yHKiiHH, oneBH/iHO, Moryx 6bixb 

OXpaJKCHbl Ha He BpeMCHHblX KOOpAHHaXHblX OCaX I KOOpAHHaXHOH CH- 
CXeMbl, KaK 3HaHeHHa KyCOHHO-nOCXOHHHblX (JjyHKIJHH. 

B OHHcaHHOM cxynae, naxbijbi Bpana Bbinoxnaiox (JjynKijHH MQjxa- 
ijHHCKoro /iHarHOCXHHecKoro npnOopa h, cxeaoBaxexbHO, npn Heo6xo- 
/IHMOCXH BbinoxHCHHa naxbnaijHH b neKOxopoM CMbicxe ohh xaioKe 
Moryx 6bixb oxneceHbi k HHCxy npnOopoB MHoacecxBa QyT) noA hcko- 

xopbiM ycxoBHbiM Ha3BaHHeM (b xcKCxe onpcAexcHHe MHoacecxBa ^(7") 
npHBCAeHO cpa3y 5Ke nocxe ccbixKH Ha 3xo npHMenaHHe). 

35. HanpHMcp, KpHBaa Kap^HorpaMMbi mojkcx 6bixb HHxepnpexnpo- 
Bana KaK rpa(|)HK (JjyHKijHH, oxpajKaiomeii ynopa/iOHCHKbie noKa3aHHa 
11 - XH AaxHHKOB, Bbipa6axbiBaK)iHHx CKaxapHbie CHrnaxbi. IlocKOXbKy 
cocxoaHHe cep/ma naiinenxa, corxacHO [4], onpcAexaexca o6biHHO h3 
KpHBOH KapAHorpaMMbi no aMnxnxy/iaM rmmu xapaKxepHbix 3y6iiOB (x. 
e. 3y6iieBH/iHbix BbicxynoB) c o6o3HaHeHHaMH: P , Q , R , S h T , 

HaxHHHeM HXH oxcyxcxBHCM odHozo Bbicxyna, HMenyeMOH boxhoh U , 
H BexHHHHaMH unmu BpeMCHHbix HHxepBaxoB Me5K/iy 3y6iiaMH: BR , 
TQ , QRS , QRST h ST (nocxeAHHH npHHaxo Ha3biBaxb cerMcnxoM). 
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S/iecb RR - HHxepBaji Me5K;iy jxaymn 6jiH5KaHinHMH na Kap^HO- 
ipaMMC 3y6iiaMH xnna R . 

CjieAOBaxejibHO, b aAanxHBHOH KoopAHHaxHoii CHCxcMe njin Kop- 
pcKXHoro onHcaHHa oahoh KapAHorpaMMbi hcoGxcahmo Bbi/iennxb 11 
He BpeMeHHbix oceii. 

36. Ilycxb MyQyT)) - MHoacecxBO BceBOSMoacHbix HSBecxHbix Me- 
/IHijHHe npeA6ojie3HeHHbix h 6ojie3HeHHbix CHMnxoMOB, Koxopbie b 
npHHijHne Moryx 6bixb o6Hapy5KeHbi y naiineHxa b xeneHHe bpcmchh 
f J -Iq, nyxcM HaAJieacamero npHMeneHHa MeAHiiHHCKHx npH6opoB h3 

MH05KeCXBa ^\T) . 

CHMnxoM, KOxopbiH xoxa 6bi B HeKOxopbiH MOMeHx BpeMeHH r e r 
o6Hapy5KHBaexca npHMCHCHHeM xojibKO oahofo MCAHilHHCKoro npH6opa 

H3 MH05KeCXBa -^^ ) , Ha30BeM OAHHapHbIM CHMnXOMOM, cooxBex- 
CXByiOIHHM 3X0My MOMeHXy BpeMCHH. 

06Hapy5KeHHe oahofo OAHHapnoro CHMnxoivia y naiinenxa, one- 

BH/IHO, 03HaHaeX, HXO Cpe^H KpHBblX, OnHCblBaCMblX npH6opaMH MHO- 

5KecxBa ^{r), cymecxByex xojibKO o^Ha HeonxHManbHaa KpHBaa. Ilo- 

3X0My reOMCXpHHeCKHM 3KBHBajieHX0M OAHHapHOrO CHMnXOMa COOXBCX- 

cxByiomero, nanpHMcp MOMCHxy bpcmchh t , ohcbh/iho, 6yACx hal- 
rpa(J) GH°[t') , y Koxoporo xojibKO o^Ha Bcpmnna hc 6yACx coBnaAaxb 

C OnXHMajIbHOH BCpXHKajIbK) Op°(t'). B CBOK) OHCpCAb, HCOnXHMajIb- 
HblC KpHBbIC MOryX 6bIXb JIh60 /lOnyCXHMblMH, JIh60 HCAOnyCXHMblMH, 
npHHCM XapaKXCp, BCJIHHHHbl H HaCXOXa OXKJIOHCHHH ox OnXHMajIbHblX 
KpHBblX 6yAyX CHrHajIH3HpOBaXb CXaAHH H CXCnCHH 3a60JICBaHHH 

naijHCHxa, H/iCHXH(|)HiiHpycMoro na ochobc pc3yjibxaxoB, nojiyHCHHbix 
Ha OCHOBC npcABapHxcjibHoro aHajiH3a mcahijhhckhx 3KcncpxoB. 

Bo Bccx cjiynaax, Kor/ia /inarHOCXHpoBaHHC naijHCHxa npnOopaMH 

MH05KCCXBa f2{T) HC n03B0JiaCX 06Hapy5KHBaXb HH OAHH H3 chmhxomob 

MH05KCCXBa M{f2{T)), 6yACM roBopnxb, hxo naijHCHx coBcpmcHHO 3ao- 

POB OXHOCHXCJIbHO MH05KCCXBa CHMHXOMOB M(f2(T)) . 
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TaKHM o6pa30M, /iHarHOCTHpyeMbin b xeneHHe bpcmchh ?j - 1^ na- 
ijHeHT coBcpmeHHO 3AopoB OTHOCHxejibHO MH05KecTBa MyQyT)) Tor/ia 
H TOJibKO Tor/ia, Kor/ia b npeo6pa30BaHHOH aAanxHBHOH KOopAHHaxHOH 
CHCxeMC HMcex Mecxo reoMexpHnecKH nojiHoe coBna/ieHHe ?j - hal-no- 
BepxHOCXH c onxHMajibHOH ?j - nojiocoft: 

G//°(r)=0/?°(r). (4.6.1) 

KaayibiH CHMnxoM, KOxopbiH M05Kex 6bixb o6Hapy5KeH npnOopaMH 

MH05KeCXBa ■f2(r), COCXOHX H3 KOHCHHOrO HHCJia OAHHapHblX CHMnXO- 

MOB (KCxaxH, 3X0 o6cxoaxejibcxBO oxKpbiBaex nyxb j^jm BBe/ieHHa b 
KjiaccH(J)HKaiiHOHHbix ijejiax He accoiinaxHBHbie ajire6paHHecKHe 
cxpyKxypbi, npHHCM, KaK na MH05KecxBe CHMnxoMOB MyOyT)), xaK h 

Ha MHoacecxBC cooxBCxcxByioiHHx hal-rpa(J)OB hjih hal-MHoroyrojibHH- 
kob). 

ripH 3X0M, ecxecxBCHHO, npcAnojiaraexca, hxo oxcyxcxBHC chmh- 
xoMOB, x.e. cjiynaH, Kor/ia hmccx mccxo cooxHomeHHe M(/2(r))=0, 
cooxBexcxByex cjiynaio BbinojiHeHHa KpHxepna (4.6.1). 
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